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INTRODUCTICN

Florida is recognized as the State in the nation most vulinerable to the
destructive effects of a nurricane. The great length of the State's
coastline, cnaracterized by tow-lying coastal lands and numerous- tidal
inlets and casins, offers 1ittie protection from the hazards produced by
hurricanes, Historically, %his vuinecability is accentuated by the high
probability of the State bheing targeted each year for & hurricane
strike. Further, the State‘s problem of mitigating the detrimental ef-
fects of hurricane hazards increases each year in proportion to the
continuing development of coastal communities, particularly those To-
cated on relatively unprotected barrier islands. It is estimated that
over seven million persons reside in the coastal areas of Florida, the
majority of whom have never experienced the effects of a hurricane.

In view of the severity of hurricane hazards, Florida's Department of
Community Affairs has embarked on a state-wide program to develop seven
coastal regionally-based hurricane evacuation studies and three inland
shelter studies. The Northeast Florida Regional Planning Council has
contracted with the State to conduct a region-wide Hurricane Evacuation
Study in the Council'’s seven-county area of responsibility.

The report which follows is the first of a two-phase study in preparation
since January 1983, The second phase is to be compieted by the Regional
Planning Council by December 15, 1984. The purpose* of the Study,

Phase I and Phase II, is to assist local govermments here in Northeast
Florida 1) to determine the prohable impact of a hurricane striking the
region and 2) to provide local decision-makers with technical data to
help them measure the criticai time elements of an evacuation process,
particularly in regard to transportation--the time to move the area's
population from areas at risk to safe shelter.

The scope of work and key elements invoived in this, the first phase,
is summarized as follows:

® Hazard Analysis - Includes history of hurricane activity in the
region, a description of hazards associated with hurricanes, and the
results of a computer modeling effort to project prospective storm-surge
heights (Chapter I).

@ VYulnerability Analysis -- Identifies areas of the region that are
subject to the hazards of a hurricane (Chapter II).

@ Population Data Analysis -- Provides an estimation of the at-risk
population in the region's coastal counties (Chapter III).

——
The purpose of the Study, however, is neither to deseribe how an evacu-

ation should be carried out nor to develop operational procedures for
implementing an evacuation; such are functions of county Civil Defense
offices.

Vi
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¢ Surge Roagway inundation Analysis -- Analyzes potential saltwater
flooding to be expected along roadways. that will be used as evacuation
routes (Chapter IV).

¢ Behaviora! Survey -- Based on a survey of the threatened population,
predicts the probable behavior of coastal residents in a hurricane
emergency situation (Chapter V).

& Shelter Inventory -- Describes available resources for sheltering
evacuees, and quantifies surpluses/deficits based on probable shelter
demand (Chapter VI).

Of the seven counties in Northeast Florida within the Regional Planning
Council planning district, the coastal counties of Nassau, Duval,

St. Johns, and Flagler are included in Chapters I through III. In addi-
tion to these four counties, Clay and Putnam are covered in Chapters IV
and V. ATl seven counties including Baker are incorporated in Chapter
VI.

In Phase I, from March to December 15, 1984, the following additional
work elements will be completed:

e Evacuation Scenarios -- Develop evacuation zones based upon hazard
analysis, access to evacuation routes, geographic location, elevation,
city boundaries, and natural and man-made barriers.

® Shelter Assignments -- Assign percentages of potential evacuees in
each zone to a presumably safe location such as a specific public
shelter.

e Evacuation Routes -- Establish basic evacuation road network related
to evacuation zones and the Tocation of area shelters.

6 Clearance Time -- Calculate vehicle traveling times required to move

threatened population to areas of safety; transportation modeling effort
will simulate movement of vehicles on existing highway network that may

occur during hurricane evacuations.

® Evacuation Time Estimates -~ Determine the time in half-hour segments
needed Tor issuing evacuation orders based on the pre-developed evacua-
tion zones. Relate evacuation time estimates to the warning mechanism
used in the region for initiating evacuation movements during a hurri-
cane emergency.

In addition to the foregoing, a special study will be conducted on the
St. Johns River, particularly in Duval and Clay Counties, to determine
the possible Tlooding effects of the river and the need for evacuating
areas along river banks and tributaries.

Chapter I follows.



CHAPTER | HAZARD AEIALYSIS

HURRICANE ACTIVITY ALONG THE NORTHEAST FLORIDA COAST

The earliest record of hurricane activity ir Florida dates from September 19,
1559, when severe winds were recorded for the area near what is now the City
of Pensacola. With the exception of scaitered reports in early writings, re-
corded knowledge of hurricanes begins about 1871. Since then reasonably ac-
curate accounts have been maintained of all hurricane tracks which have
affected the United States.

Since the turn of the century, 49 hurricanes made Tandfall on the coast of
Florida of which only six came ashore in Northeast Florida. Since 1886, how-
ever, 17 hurricanes passed within 100 nautical miles of Jacksonville. As
recently as 1964, Hurricane Dora having winds up to 115 miles per hour came
ashore at St. Augustine and caused considerable damage in Duval, Nassau, and
St. Johns Counties and along- the St. Johns River. Table T is-a Tisting of the
hurricanes which approached within 100 nautical miles of Jacksonville.

HURRICANE DORA (SEPTEMBER 2, 1964 TO SEPTEMBER 25, 1964)

Hurricane Dora is described first and foremost as a case study inasmuch as it
is the first hurricane in this century to smash into the Northeast Florida
coast directly from the Atlantic Ocean. See Figure 1on page 3.

During the week from the time the developing storm was first detected about
1,000 miles south-southeast of San Juan, Puerto Rico, Dora gained strength
hourly while moving over open ocean on a direct path with Daytona Beach, Fiorida.

On September 9, 1964, Dora was stightiy less than 200 miles east of Cape Canav-
eral, moving 16 m.p.h. in a west to northwesterly direction. Peak wind velocity
near the hurricane's center was estimated at 125 m.p.h. Gale force winds ex-
tended nearly 350 miles to the northeast of the "eye", and 100 miles to the
southwest. Hurricane watch was in effect from Myrtle Beach, South Carolina,

to Fort Lauderdale, Florida; whereas, hurricane warning extended from Brunswick,
Georgia, to Stuart, Florida.

While still offshore on September 9th, Hurricane Dora caused damage ashore due
to winds and high tides. County Civil Defense Directors reported water over

all seawalls along the coast, and wind gusts up to 81 m.p.h: at Marineland and
65 m.p.h. at Mayport Naval Station. The Atlantic and Jacksonville Beach piers
were washed away. The storm tidal phenomenon was already taking effect as water
at high tide (10:15 a.m.) was hubcap deep on beach municipal streets and backed

(continued on page 4)



aBLE 1
HurrIcANES WricH Passep WitHin 100
Nauticar. MiLes oF Jacksonvitee, 1886-1979

Year Date Closest Point Storm Intensity* Storm Name
(Nautical Miles) (MPH)
1886 July 19 25 90 Not Named
1888 October 10 25 95 !
1893 June 15 59 90 "
1893 August 27 29 120 "
1893 October 12 83 115 "
1894 September 26 29 80 "
1896 September 29 60 90 "
1898 October 2 59 100 "
1899 August 14 83 120 "
1921 October 26 88 105 "
1935 September 4 86 100 : !
1950 October 18 52 100 King
1952 August 30 72 90 Able
1960 September 11 47 110 Donna
1964 September 10 30 110 Dora
1968 October 19 35 80 Gladys
1979 September 4 35 : 98 David

*
Refers to average daily maximum wind near the storm center.



i / .
H 0 e
‘:,:h B ) P
! 7 =
[ .
' I H E e niwvon IHDOSIOI" °
l i o F b o RA antucket . o0 40" —
! Philadelphia p . .o
' i\cf innati / T/‘~ Jpaltimore Aiatic Gity - N
r~ \’X Washmgton@ . / — 1 1 A. M MONDAY . 0
Lomsvllle .o
l j thn.mond . 5 AM. MONDAY Lo 0 o
/’\. ) 4 . * ) * ’
= ) _Nortor 5
l Ral.eigh
’ L]

"\\)‘{S\)"&o p?( L..aytona Beach

° N‘
l 5 B N\ Tampa \80°
. 85°

West Palm Beach,
o\ 3
Ft. Myelas g
1ami
@ BAHAMAS

Nassau
N ®

| 2|
. \ San Salvador
; e . . . '
' ' Acklins Is . . . .
a ° . ° 1u[k$ ‘s-
| e
Great tnagua Is.”
' Santiago
.o ® 2
IAMATCA S Jind e .

FIGURE 1
-3



up for two blocks inte the City of Jacksonville Beach. By late afternoon of
September 9th, access to beaches along the Northeast Florida coast was cut off
as highways and streets flooded.

After stalling about 50 miles offshorw for several hours, Hurricane Dora turned
northwesterly and came ashore at 12:15 a.m. on September 10, 1964, with the
"eye" moving onto shore a short dmstance north of St. Augustine. Although
winds were reported as high as 115 m.p.h., sustained winds were near 100 m.p.h.
along the coastline from St. Augustine to Duval County's beaches. The maximum
sustained wind at the U.S. Weather Bureau'’s station at Jacksonville Airport
was reported at 82 m.p.h. After coming ashore, Dora moved almost due west
across North Florida.

Northeast Florida‘s beaches sustained major damage. Among structures destroyed
or severely damaged in Duval County were the Atlantic Beach Hotel, two major
restaurants, a chateau, and a tavern. Major damage was done to the seawall
which was broken in many places and portions washed out to sea. Streets and
ramps leading to the beaches were severely damaged.

More than 75 private homes along the beaches of Duval, Nassau and St. Johns
Counties were destroyed. Fernandina Beach suffered the greatest loss of homes
as tides and waves eroded the sand beneath more than fifty homes. In Ponte
Vedra Beach, at Teast 20 homes were swept jinto the sea. Damage by tidal surge
could have been worse; however, the hurricane struck at exactly low tide.

Mainland Jacksonville suffered severe wind damage, particularly to homes, trees,
and utilities. The hurricane destroyed forty-two (42) homes and damaged 3,950
others (in the total of Duval County). Electric power was out in at least .
ninety (90) percent of the county. Although Jacksonville received only 6.26
inches of rain, damage from flooding occurred in the west Jacksonville area and
Orange Park, Clay County area between Avondale and Doctors Lake. After the
hurricane passed, strong southerly winds caused severe flooding along Heckscher
Drive, forcing the evacuation of homes. Total flood damages to homes, agricul-
tural land, roads was estimated at about three milijon dollars. This did not
include shoreline damage. Although no Tives were lost, Dora did between $250
and $300 miilion in property damage in Northeast Florida.

After Dora left Northeast Florida, the hurricane moved across the state to an

area south and west of Tallahassee, turned to the northeast, and proceeded in

an east-northeasterly course across Georgia toward Savannah. Dora then paral-
Teled the South Carolina and North Carolina coasts exiting at Cape Hatteras on
Sunday, September 13, 1964.

In Florida, Dora did extensive flood damage as the hurricane moved west toward
Tallahassee. Nearly 19 inches of rain fell on Live Oak, Florida during a 36-
hour period. Live Oak came under ten feet of water on its downtown business
district and up to 15 feet in low areas of town. About 50 percent of the homes
in the city were damaged and the area's corn crop was destroyed. On the west
coast of Florida, Crystal River overf1owed flooding th1rty (30) percent of the
Town of Crystal Rlver 1

In the way of evacuation and sheltering, Civil Defense officials estimated that
50,000 people in Florida fled the east coast as the hurricane moved up from
Cape Canaveral. The Red Cross opened some 220 shelters to house approximately
26,000 people. Inland hotels were filled.
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DESCRIPTION OF HURRICANES

A hurricane is an intense cyclonic windstorm of tropical origin in which winds
spiral inward in a counter-clockwise direction toward a core of Tow pressure.
According to the Saffir/Simpson Hurricane Scale (see page 6), storms with cy-
clonic winds of 74 mph or greater are classified as hurricanes. A tropical
cyclone with winds less than 74 mph, but with a closed circulation and maximum
winds greater than 38 mph, is called a tropical storm. Weaker circulations
are referred to as tropical depressions.

The most distinctive feature of the hurricane is the center, or "eye" of the
storm. This is the relatively calm area of the storm that is marked by ex-
tremely Tow pressure. Within the eye there is a marked reduction in wind speed,
the heavy rain ceases, and there is usually a clearing of the sky. Barometric
pressures in the eye have varied from 26.35 inches in the 1935 hurricane which
crossed the Florida Keys to over 29 inches in less intense storms.

Surrounding the eye of the hurricane is the wall cloud. This cloud structure
may completely encircle the eye and extend from the earth's surface to above
50,000 feet. This cloud system is usually less than 10 miles in width. The
strongest winds, the heaviest rainfall, and the greatest pressure changes are
in this region.

Outward from the wall cloud region the wind speed decreases slowly. Hurricane
force winds usually. occur within 50 miles of the center, although in extreme
cases they may extend for hundreds of miles. This outer portion of the storm
is Tikely to be marked by bands of sudden gusts of wind and/or rain. Inter-
spersed between these lines of squalls are areas with Tittle or no rain.

Maximum winds usually occur on the right side of the storm at distances varying
from 5 to 60 miles from center. In an intense storm sustained wind velocities
of 150 miles per hour with gusts of up to 200 miles per hour may be expected at
exposed Tocations on the coast. Wind force decreases substantially as the
hurricane moves inland, and sustained winds of over 100 miles per hour are sel-
dom recorded at stations in the interior of the State.

Hurricanes or1g1nate over warm waters. The frequency at which hurricanes occur
and the Tocation in which they generate vary throughout the June Ist to November
30th hurricane season. Sixteen (16) percent of all hurricanes which affect
Florida develop during the month of August, thirty-one (31) percent in September,
and thirty-one (31) percent in October. The remaining twenty-two (22) percent
occur throughout June, July and November. These figures show that, although a
hurricane may strike the Northeast Florida coast anytime between June 1st and
November 30th, the highest probability for the occurrence of a hurricane is

from mid-August to mid-October.

August and September hurricanes normally form off the coast of North Africa and
move west across the Atlantic. Early summer and fall hurricanes form in the
Gulf of Mexico and Western Caribbean $Sea, then move northeast toward the west
coast of Florida.

A1l hurricanes have the potential to cause extensive damage and loss of life.
The manner in which the hurricane storm surge, wind, rain, and other factors



combine determines the level of the hurricane's destructive force. The level
of threat for the various components of a hurricane occurs in the order of:
storm-surge--the storm's greatest potential destructive force, wind--with its
potential for associated tornadoes, and rain--causing inland and urban ¥lood-
ing.

STORM-SURGE i

The storm-surge is the single most dangerous phenomena caused by the hurricane
forces.. The term storm-surge refers to the high dome of wind-driven water, 50
to 100 miles wide, that moves across the coastline as a hurricane makes land-
fall. See Figure 2 on page 8.

The storm-surge develops from a complex interaction of forward speed, angle of
hurricane track, and the physical configuration or bathymetry of the ocean
basin. It is the effect of bottom friction and the inability of the mass of
water to flow down and outward that helps to pile up water and create the surge
dome as the hurricane moves over shallow coastal waters. Therefore, the hurri-
cane surge dome has its highest development in areas where the sea bottom has

a long, gentle slope up to the shoreline.

The peak of the storm-surge dome, which may extend from 10 to 50 miles north of
the hurricane center for storms approaching the east coast of Florida, is
counterbalanced by a sea level well below normal on the opposite side of the
hurricane center. This difference in water pressure generates strong along-
shore currents which tear at the coastal edge often sweeping away sand bars,
sand dunes and even buildings.

WIND

Wind can be a lethal component of a hurricane's destructive force. For exam-
ple, in the 1926 hurricane that hit Miami, Florida, a large percentage of the
115 deaths was due to flying debris. The flying debris came from disintegrat-
ing houses which were not constructed to withstand hurricane force winds. The
worst hurricane death toll in Florida's history, however, occurred in 1928 when
hurricane winds blew the water out of Lake Okeechobee, flooding several communi-
ties and drewning nearly 2,000 people.

Hurricanes are categorized according to the intensity of maximum sustained winds
around their center or eye. For expediency the National Weather Service has
adopted and utilized the Saffir/Simpson Scale, which not only categorizes storms
according to sustained winds, but also describes the expected surge heights.

The five categories of hurricanes according to the Saffir/Simpson Scale are
Tisted as follow:

Category Winds Storm-Surge
(m.p.h.) (ft.])

1 74- 95 4-5

2 96-110 6-8

3 111-130 9-12

4 131-155 13-18

5 155 plus 19 plus
-6-



In addition tc maximum sustained winds, the hurricane wind envelope may contain
numerous iornado-strength gusts which can exceed sustained wind intensity by 20
to 50 percent. For example, a hurricane with sustained winds of 100 mph could
have associated wind gusts of up to 150 mph. As the force exerted by the wind
increases with the square of the wind speed, a 150 mph wind exerts four times,
not twice, the force of a 75 mph wind. It is apparent, therefore, that hurri-
canes associated with wind gusts can cause considerable damage from an other-
wise relativeiy mild hurricane. Often the danger from a Category 1 hurricane
is that associated with these accompanying tornadoes within the gale force wind
envelope (%.e. 39-73 mph).

RAIN

The hurricane's third potentially destructive force is rain. Rain squalls may
extend outward as far as 500 miles from the center of a hurricane. The amount
of rain that a hurricane may deliver to a region is dependent upon many fac-
tors. Three of the most important factors are (1) the angle at which a hurri-
cane approaches landfall, (2) the speed at wnich the hurricane is traveling,
and (3? the radius from the center to which hurricane forces extend--the size
of the hurricane.

The speed at which a hurricane is moving and the size of the hurricane dictates
how long the storm will remain over an area and, therefore, the time frame
during which it has the opportunity to release rainfall on that area. During
the average 24-hour period that it takes a hurricane to pass through an area,
an average rainfall of between 5 to 10 inches may occur. There have been
pumerous hurricane rainfalls in Florida experience, however, where 12 to 20
inches of rainfall have occurred. The neaviest rainfall associated with a
hurricane in the United States was measured during Hurricane Easy. This storm
dropped 38.7 inches of rain at Yankeetown, Cedar Key, during the 24-hour period
of September 5 to September 6, 1950.

INLET FORMATIONS

Up to a point, the Tevel of threat description has centered on storm surge, wind,
and rain. One acditional threat which is noteworthy, however, is inlet formations
ceused by storm surge attack either from the seaward side of barrier islands, or
from the Tagoon side as the aftermath of a storm surge rushes back to sea (caus-
ing a breakthrough of the barrier isiand).

The Tatter warrants special attention here. After passage of the center of a
hurricane, a sometimes rapid wind shift to the offshove direction can take place
wnich lowers the storm surge level on the ocean side of the barrier island; water
piled up on the mainland will be left unsupported. It will rush back across a
lagoon (or, in the case of Northeast Florida, the Intracoastal Waterway) under
tbe force of gravity, aided by the offshore wind, and slam against the landward
side of the barrier island. At certain points, the water may overtop the island,
erode a channel below the usual sea level (as the ocean level is now jower than
normal) forming a new tidal inlet. See Appendix A, excerpts taken from an abstract
entitied "The Formation of Tidal Inlets in Barrier Isiand Chains", which was de-
veloped in 1983 by Steve Hughes, Graduate Assistant, University of Florida.
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Mean Sea Level

- - Normal day. The sea rises and falls with astronomical tidal action.
There are the usual small waves.

W

Above Normal Tide

Mean Sea Level

A hurricane is 12 hours away. The tide is a little above normal; the
water moves further up the beach. Swells are beginning to move in from the
deep ocean. Waves as high as 5 to 8 feet run up the beach.

“Above Normal Tide
Mean Sea Level

Hurricane is moving close ashore. A 15-foot surge is added to the
normal 2-foot tide creating a 17-foot storm tide. This mound of water is
moving ashore along an area of coastline 50 to 100 miles wide.

FIGURE 2 -- DEVELOPMENT OF STORM~SURGE ALONG THE COASTLINE
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HAZARD ANALYSIS

CONCEPTS AND ASSUMPTIONS

Conceptually, this section is based on the effects resulting from the least
severe to the most severe of hurricanes which can impact the seven counties of
Northeast Florida, particularly the four coastal counties of Duval, Flagler,
Nassau and St. Johns. The four coastal counties are emphasized inasmuch as
they will bear the brunt of expected surges emanating from most hurricanes
reaching the area. By analyzing the effects of all levels of hurricane severi-
ty, hazards of any potential magnitude are considered in the planning efforts
for warning, evacuation, and sheltering.

Results from the study of various Tevels of hurricane severity provide a means
of quantifying and qualifying the effects of hurricanes, particularly in terms
of storm-surge and wind. The use of output data directly influence two main
concerns of this Plan which are: the extent of the areas threatened by hurri-
canes, which will require evacuation, and the £ime required for residents in
threatened areas to safely evacuate before a hurricane arrives in their respec-
tive area or areas. :

Inasmuch as the predictive model utilized in this study does not address rain-
fall nor the frictional drag on the velocity of winds as a hurricane moves in-
land, two general assumptions follow:

1. Al7 mobile home residents threatened by all categories of hurricanes
should evacuate to shelters, and

2. Rainfall sufficient to flood evacuation routes will generally coin-
cide with the arrival of sustained gale force winds.

METHODOLOGY AND APPLICATION

Hypothetical hurricane tracks of varying forward speed and direction were de-
veloped in February, 1983 at the National Hurricane Center in Miami, Florida.
The track information is given by latitude and longitude coordinates at six-
hour intervals. The speed of the hurricane is implicit in the distance between
the six-hourly coordinates. Thus, if the six-hourly values are close together,
then the hurricane moves slower than if they are further apart. A typical
forward speed for hurricanes affecting the Northeast Florida region is 12 mph.
In previous studies, it has been shown that hurricanes moving at faster forward
speeds produce higher peak storm-surge values than slower moving hurricanes.
Also, the angle that the hurricane track makes with the coastline is also im-
portant. Hurricanes striking the coast at a 90 degree angle (normal) will pro-
duce higher peak surge values than the same hurricanes moving paraliel to the
coastline.

Along these hypothetical tracks, hurricanes of varying intensity and size were
created. The measurement of intensity was given by the difference between the
sea level pressure outside the hurricane circulation and the value in the "eye"
or center of the hurricane. The value is called the pressure deficit or delta-p.



This value is directly related to the maximum wind speed such that a Targe
delta-p wiil have a large maximum wind speed. As the water surface pressure
gradient and surface wind stress are larger for larger delta-p and maximum
winds the peak storm-surge is correspondingly larger.

An estimate of the size of a hurricane was given by the distance from the eye
to the maximum wind. This value is called the radius of the maximum wind or
RMW. The RMW is very important because a hurricane landfalling normal to a
coastline will produce a peak surge at this location on the right side of the
hurricane (i.e. observer is moving with the eye and looking forward along the
track). Typical values of RMW for hurricanes affecting the Northeast Florida
region are 20 miles for category 1-4 hurricanes, and 15 miles for category 5
hurricanes. Thus, the peak surge for a category 3 hurricane landfalling at
St. Augustine will be at the south end of Ponte Vedra Beach (some 20 miles
north of St. Augustine).

The latitude, longitude, delta-p, and RMW information at six-hourly intervals
were coded onto computer data cards and submitted via remote terminal as input
to the National Weather Service's IBM 360/195 computer in Suitland, Maryland.
The data initializes the computerized mathematical model known by the acronym
SPLASH (Special Program to List the Amplitudes of Surges from Hurricanes). The
SPLASH model computes storm-: -surge heights and concomitant wind speed and direc-
tion values along gently curving coasts based upon the hypothetical track data
entered. See Appendix B for a detailed description of the SPLASH model.

To consider all possible hurricane effects, four different hurricane movements
were modeled: Tlandfalling at 90 degrees relative to the coastline, landfalling
at 130 degrees relative to the coastline (known also as "slanting"), parallel-
ing, and crossing/exiting. The landfalling, including slanting, hurricanes were
modeled in all categories (one through five); whereas, the crossing/exiting and
paralleling hurricanes were modeled in categories one through three. As
modeled, the crossing/exiting were moving at 15 mph, whereas the rest were
moving at 12 mph. Moreover, the hypothetical hurricane tracks for the land-
falling, the slanting and the crossing/exiting storms were spaced at 20-mile
intervals along the Northeast Florida coast, with peak storm-surge landfalls
occurring at five specific coastal points: Flagler Beach, Matanzas Inlet,

St. Augustine, Jacksonville Beach, and Amelia Island. Tracks for the parallel-
ing storms were spaced also at 20-mile intervals running along the shoreline,
inland, and offshore. The various hurricane tracks are displayed in Figures 3,
4, 5, and 6, starting on page 11.

-10-
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FIGURE 5 -- PARALLELING HURRICANE TRACKS SELECTED FOR MODELING
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FIGURE 5 -- PARALLELING HURRICANE TRACKS SELECTED FOR MODELING
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OUTPUT OF THE SPLASH MODE!

As stated heretofore, the SPLASH mocei ¢ives stonm-surge and wind predictions
for the nypothetical hurricanes entered inio the computer. ‘The surge display

is presented as a curve which shews oeak storm-surge in terms of fest above

mean sea level (M.S.L.}. The surge printout does not include astronomical

tide, the seasonal tide anomaly, or the wind waves riding on the surge. These
factors are calcu’ated separaiely and added to the computer-generated data to
determine the sterm tide. An examp.ie of a storm-surge printout {s presented

in Figure 7. 7o identify the peak surgz expacted at any point along the North-
east Florida coast, individual surges are connected by a line ¢o form an envel-
ope of sterm-surges Tor the entire coasta! region. Figure 8 snows a storm-surge
envelope for a Category 3 hurricanz moving at 2 mph, apprsaching landfall at

90 degrees relative to the coast. The same Figure 8 snows how the height of the
storm-surge increaeses as it comes ashore at ¢ifferent points up the coast north
from Flagler Beach to Fernandina Bezach. This increase in storm-surge height is
aue to the ircreased width of the continental snelf along the Atlantic Coast.
The 60-foot contour (19-fathom curve) of the shelf extends frcm approximately

15 miles offshore at Flagler Beach ¢ 20 miles offshore at Amelia Island.

An example of the SPLASH mode? wine output is presentied in Figure 9 on page 18.
As shown in Figure 9, the hurricane wind enveiope contains definite wind bands
wnich decrease in intensity with corresponding distance from the hurricane
center. In the SPLASH wind printout (Figure 2), the 40 mph, 75 mph, and maxi-
mum wind band - 155+ mph, have been sketched for display. Tnasmuch as the
maximum sustained winds in Figure 9 are shown te be Tn excess of 155 mph, the
storm is classivied as a Category 5 hurricane.

Winds in the Category 5 hurricane form a tight envelope and are generaily con-
sistent in intensity within ¥ixed bands around the center or eye. These winds
are sufficient to inflict considerable damage. Hurricanes of less than Cate-
gory 5 wind intensity have a less defined wind envelope. The propensity of the
less severe hurricanes to spawn tornadoes increase correspondingly while moving
down the scale in intensity from Category 5 to Category 1. Wind gusts within
the hurricane wind envelope and tornadoes in the gale force wind field (in less
severe hurricanes) oftentime cause more damage than the hurricane’s sustained
maximum winds.

STORM-SURGE ANALYSES

Using the SPLASH model at the National Hurricane Center, information was de-
veloped (and printed out) to analyze and Tormulate data on peak storm-surge for
all five categories of hurricanes, Turther broksn down into landfaliling, slant-
ing (Tandfalling at 130 degrees to coastline), paralleling, and exiting. Tables
2 through 5 beginning on page 19 provide stovm-surge analyses. Landfalling and
slanting are analyzed for all five categories (of wind intensity), whereas
paralleling and exiting are anaiyzed for categories onz, two, and three.
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FIGURE 7 -— CATEGORY 5 HURRICANE LANDFALLING AT JACKSONVILLE BEACH
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Figures in the tables make it clear that the height of a storm-surge decreases
in proportion to the increase of & hurricane's angle of approach. For example,
a Category 3 hurricane approaching St. Augustine 90 degrees relative to the
coastline will produce a storm-surge height of 13 feet at Jacksonville Beach.

A Category 3 hurricane approaching 130 degrees will produce a storm-surge
height of 10 feet at Jacksonviile Beach. A parallieling Category 3 hurricane
moving on shoreline at St. Augustine, however, will produce a storm-surge
height of 8 feet at Jacksonvilie Beach.

WIND ANALYSIS

The movement of winds during a hurricane will have two detrimental effects in
addition to creating a storm-surge. First, maximum winds and wind gusts in-
flict considerabie damage to many mobile homes, manufactured homes, and other
structures of untested hurricane integrity. Second, the level of wind inten-
sity affects the ability of a region to carry out hurricane evacuation proce-
dures. Travel by automobile or larger vehicles becomes decidedly difficult
and dangerous in winds greater than 40 m.p.h. The example of a hurricane's
wind bands presented in Figure 10 graphically shows the amount of time which is
available to conduct an evacuation based upon the Tandfall of 40 and 75 m.p.h.
wind bands for a hypothetical Category 3 hurricane moving 90 degrees relative
to the coastline. For simpiicity of presentation, Figure 10 shows a hurricane
whose center line lies 144 miles offshore and whose forward motion toward land-
fall is 12 m.p.h. Calculation of the example shows that the center or "eye"
of this hypothetical hurricane is 12 hours from landfall. This is significant
inasmuch as Neil Frank, Ph.D., Executive Director of the National Hurricane
Center has expressed that the Hurricane Center can give (with some level of
assurance) up to 12 hours warning that a hurricane will make landfall at a
particular location.

Calculating movement-to-time for the hypothetical Category 3 hurricane shown in
Figure 10, it can be seen that the 40 m.p.h. band will make landfall less than
Tive hours after an official warning message {s issued. Thereafter, evacuation
will become dangerous and difficuit. Similarly, Figure 10 on the next page

shows that the 75 m.p.h. gale wind bank will make landfall eight hours after
the National Hurricane Center issues the warning message.

Based upon data produced by the SPLASH model, time before landfall has been
calculated for the five levels of hurricane intensity (Categories 1 through 5),
using a typical 12 m.p.h. forward motion of a hurricane landfalling 90 degrees
relative to the coastline, as well as that for a hurricane with a 15 m.p.h.
forwagg motion. The results of these categories are presented in Table 6 on
page 26.
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Craprer 11 : VULNERABILITY ANALYSIS

Chapter I constituted an analysis of hurricane hazards which conceivabiy could
impact Northeast Florida, with an emphasis on peak surge., Chapter II hereafter
identifies land mass areas which could be at risk as affected by the storm-

surge.

METHODOLOGY

Identification of the coastal areas which are vuinerable to a hurricane’s storm-
surge is necessary for determining those residents who must evacuate (from the
coastal area). As shown in Chapter I, the results from the SPLASH IT model
provided the data necessary to identify the vulnerable areas. Here in Chapter II,
peak surge values produced by the SPLASH II model are compared to the elevations
of land mass. A major lTimitation of SPLASH II, however, is the fact that values
are produced only for the coast to the shoreline, but not inland. To compen-
sate, a number of additional sources are utilized in producing the vulnerability

analysis. These include:

¢ National Oceanographic Suryey Storm Evacuation Maps

o U.S. Geological Survey Topographic Maps

e Federal Emergency Management Administration Flood Insurance Rate Maps

e Beach and Offshore Profile Analyses (topographic cross sections)
conducted by the Coastal and Oceanographic Engineering Laboratory,

University of Florida

¢ Aerial photography obtained by the U.S. Geological Survey for the
Corps of Engineers, and aerial photography prepared by the State
Topographic Office, Florida Department of Transportation.

To determine the worst case storm-surge values, the astronomical high tide,

the anomaly, and the wave set are added to the stillwater surge values (which
were produced by SPLASH II). 1In that regard, Tables 7 through 10 present total
storm-surge peaks for hypothetical hurricanes making landfall at five points
along the Northeast Coast. Tables 11 through 14 present the same data for
hypothetical paralleling hurricanes moving directly over the shoreline. In
addition, the storm-surge peaks are depicted graphically in Figures 11 and 12.

Storm-surge inundation maps 1 through 11 found at the end of this chapter graphi-
ca]1y.detai1.1and mass along the Northeast Florida Coast which is subject to worst
case inundation by storm-surge, according to the categories of hurricane Tandfalling.
Paralleling hurricanes in Categories 2 and 3 moving on shoreline will have the same
inundation effect as a Category 2 landfalling hurricane (approaching 90 degrees
relative to the coastline).
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Figure 13 on page 35 is an index to the storm-surge inundation maps. It is
noteworthy that the storm-surge inundation maps show an overall view of the
level of inundation that could result anywhere along the entire Northeast
Florida coast, depending on where a hurricane might landfall. In addition,
flood prone areas also are depicted on each of the maps to point out the
total hazardous picture in the event of a hurricane. The assumption here
is that rains coupled with high tidal Tevels (not to be confused with total
storm surge) will impede the movement of vehicles as roads will be flooded.
Then too, property lying in flood prone areas is subject to damage.

RECOMMENDATIONS

In the way of mitigating the hazards of hurricanes, it is recommended that
Tocal governments:

1. Take measures as necessary to presarve existing primary dunes,
to prohibit excavation or other deve:opment on the Tandward toe
of any primary dune, to prohibit breaches of primary dunes,
and to fill and stabilize existing breaches of primary dunes
with vegetation.

2. Stipulate in the approval of developments Tocated within a hurricane

hazard (vulnerable) area that all title transfers to property shall
be accompanied by a hazard disclosure statement that the property
in the particular development is within a hurricane hazard area
in which property is subject to damage and residents may be subject
to an evacuation order in the event of a hurricane landfalling
within 50 miles of the development.
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CAT 1
CAT 2
CAT 3
CAT 4
CAT 5

CAT 1
CAT 2
CAT 3

CAT 4

CAT 5

S inn e S
e
O pmporie s v, Onwggune Wrm e i
ProjecTen SyoerSureE Asre
frin A TSLAND

Lanoraing Hummioane Aseroacking 90 Decrees

Stillwater Tide tave
Surge {(MHK ) -~ Anomaly Set
ft. L. L. Tt.

7 3 5 .9

9 3 5 1.2

14 3 5 1.8

19 3 .5 2.4

20 3 5 2.5

TasLE 8

ProJECTED StorRM-SurcE ReieHT
JACKSONVILLE BEACH
Lannepis g Hurricane Aeencactive 20 Deeress

Stillwater Tide Wave
Surge (MW ) Anomaly Se
ft. Tt. Tt. Tt.

6 3 5 .8

8 3 5 1.0

13 3 .5 1.7

17 3 .5 2.2

18 3 .5 2:3

20

Storm-

Surge

ft.

11
14
19
25
26

Storm-

Surge
ft.

10
13
18
23
24

ig



CAT 1
CAT 2
CAT 3
CAT 4
CAT 5

CAT 1
CAT 2
CAT 3
CAT 4
CAT 5

TABLE 9
PROJECTED STORM-SURGE HEIGHT
ST. AUGUSTINE AND MATANZAS INLET
LaNDFALLING HURRICANE APPROACHING 90 DEGREES

Stillwater Tide Wave
Surge (MHW) Anomaly Set
ft. ft. ft. ft.

6 2.5 .5 .8

8 2.5 .5 1.0

12 2.5 .5 1.6

16 2.5 .5 2.0

17 2.5 .5 2.2

TasLE 10

ProJECTED STORM-SURGE HEIGHT
FLAGLER BeAcH
LANDFALLING HurRrRICANE APPROACHING 90 DEGREES

Stillwater Tide Wave
Surge (MHW) Anomaly Set
ft. ft. ft. ft.

5 2.5 5 7

7 2.5 5 9

11 2.5 5 1.4

15 2.5 .5 1.9

16 2.5 5 2.0

30

Storm-

Surge
ft.

10
12
17
21
22

Storm-

Surge
ft.

11
15
20
21



TasLe 11

ProJECTED STORM-SURGE HEIGHT

AVELIA ISLAND

ParALLELING HURRICANE MoviNG ON SHORELINE

Stillwater

Surge
ft.

CAT 1 4
CAT 2 6
CAT 3 3

Tide Wave

(MHW) Anomaly Set

ft. ft. ft.

3.0 .5 .6

3.0 .b .8

3.0 .5 1.2
TaBLE 12

PROJECTED STORM-SURGE HE1GHT
JACKSONVILLE BEACH

PARALLELING HURRICANE MoviNg ON SHOREL.INE

Stillwater

Surge
ft.

CAT 1 4
CAT 2 5
CAT 3 8

Tide Wave
(MHW) Anomaly “Set
ft. ft. ft.
3.0 .5 .6
3.0 .5 7
3.0 .5 1.1

31

Storm-

Surge
ft.

10
14

Storm-

Surge
ft.



Tagie 13
PROJECTED STORM-SURGE HEIGHT
ST, AusUSTINE AND MaTANZAS INLET
PARALLELING HURRTCANE Movine ON SHORELINE

Stillwater Tide Wave
Surge (MEW) Anomaly Set
ft. ft. it. ft.
CAT 1 3 2.5 .5 4
CAT 2 5 2.5 .b .7
CAT 3 7 2.5 .5 .9
TABLE 14

ProJECTED STORM~-SURGE HEIGHT
FLAGLER BEACH
ParALLELING HURRICANE MovING ON SHORELINE

Stillwater Tide Wave
Surge (MHW) Anomaly Set
ft. ft. ft. ft.
CAT 1 3 2.5 .5 .4
CAT 2 4 2.5 .5 .6
CAT 3 7 2.5 5 .9
32

Storm-

Surge
ft.

11

Storm-

Surge
ft.

1
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POPULATION AND DWELLING UNITS
CrapTeER 111 AT RISK

The Vulnerability Analysis included in foregoing Chapter II identified coastal
areas which are vulnerable to a hurricane storm-surge. This chapter highlights
the threatened population Tiving along the coastline, living in mobile homes,
and living in areas threatened by freshwater flooding. Dwelling units at risk
are described accordingly.

POPULATION AT RISK

The coastal population at risk in the region is that which is located mainly
east of the Intracoastal Waterway. However, those people living along the
Intracoastal Waterway, or tributaries thereof, particularly in Duval, St. Johns
and Flagler Counties, are also included. For purposes of this Plan, mobile
home dwellers at risk include those living west of the Intracoastal Waterway

in all seven counties of Northeast Florida. Then too, people Tiving along the
St. Johns River and its tributaries must not be overlooked, particularly in
view of the history of Hurricane Dora.

Population figures for the coastal area are found in Table 15, whereas figures
for mobile home dwellers are in Table 16. See pages 38 and 39.

COASTAL POPULATION-AT-RISK

Nassau County. A1l residents of Amelia Island, including the City of Fernandina

Beach, represent the population at risk in Nassau County. The 1980 census popu-
lation of 10,840 is estimated to have increased to 13,330 by mid-1983. Of

these, some 3,500 people or 26 percent are endangered by the potential surge
emanating from a worst case Category V landfalling hurricane. However, the
entire population on Amelia Island is endangered by all hurricanes, particularly
from their wind effects. A1l effects (surge, wind, and rain) of hurricanes of
all categories moving in any direction will be dangerous to people living along
the beachfront, particularly around Atlantic Avenue and north of Atlantic Avenue.

Duval County. The 1983 coastal at-risk population in Duval County is estimated
at 45,170. This compares to the 1980 census population of 42,200. In 1980,
about three percent of the at-risk population, 1,318 people, lived in the area
west of the Intracoastal Waterway and east of Pablo Road. Consequently, 97
percent of the 1983 estimated 45,650 people living on the coast between the
ocean and the Intracoastal Waterway will be endangered by a worst case Category
V landfalling hurricane. Those Tiving immediately west of the Intracoastal
Waterway would be endangered by wind, and rain, and by fresh water flooding
emanating from the Intracoastal Waterway. A1l of the coastal area of DBuval
County is subject to heavy wind and surge caused by Categories III, IV and V
landfalling hurricanes. Hurricanes of all categories will be decidedly dangerous
to those residents living close to the beaches as well as in the Mayport fishing
village.
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St. Johns County. 1In 1980, 18,760 peopie Tived in the coastal area who were
at risk in case of a worst case Category V hurricane. By 1983, growth in
these areas raises the estimate of the endangered population to 22,810 people.
Those living in the St. Augustine beaches and Matanzas Inlet areas would be
endangered due to the runout/aftermath of a surge, particularly from Cate-
gories III, IV, and V Tandfalling hurricanes. However, hurricanes even in
the Tower categories of I and II, whether landfalling, paralieling, or exit-
ing, will be dangerous to all beach residents. pegple Tiving in the City

of St. Augustine particularly close to the bay front and along the Matanzas
River will be confronted with the dangers posed by all categories of hurri-
canes. The potential for flooding will also endanger residents in low ¥ying
areas west of the San Sebastian River.

Flagler County. In 1980, an estimated 4,800 peopie lived in the zone of dan-

ger from the effects of a worst case Category V landfalling hurricane. Of

the 4,800, some 1,840, almost 40 percent, were living in the Palm Coast canal
areas west of the Intracoastal Waterway. Growth by 1983 results in an esti-
mated 6,190 residents who would be in danger if a worst case Category V
hurricane should landfall. Of the 6,190, 2,320 or more live in the Palm

Coast canal areas west of the Intracoastal Waterway. The Marineland area
would be endangered by all categories of hurricanes. Fortunately, the

coastal area elevation along thé beach stretching south from Painters Hill

to Volusia County is relatively high. Consequently, the City of Flagler Beach
could withstand the surge produced by even a Category III worst case landfall-
ing hurricane. That notwithstanding, the wind effects resulting from all
categories of hurricanes would endanger all the coastal population, especially
those who 1ive in mobile homes.

MOBILE HOME POPULATION-AT-RISK

Mobile homes have become an increasing popular housing type over the past
decade due both to more attractive manufactured housing products and the
economic effects of heightening construction and Tand costs, coupled with
high mortgage interest rates. In 1970, mobile homes comprised 5.4 percent
of the dwelling units in the region. By 1980, this proportion rose to 9.4
percent of the housing stock, a 152 percent increase in units since 1970
(from 11,830 to 29,780 units). This compares to a 38 percent increase in
site-built housing in the decade. The trend of growth in the number of mo-
bile homes and increase in their share of the housing stock can be presumed

to carry through the 1980's, given continuance of the causal conditions noted
above.

Nearly two-thirds, 11,330, of the mobile homes added in the past decade were
placed in the four coastal counties, for a 1980 total count to 20,250 mobile
homes, of which about 2,800 were located in the coastal at-risk storm surge/
flood prone zone. It is estimated that 450 additional mobjle homes

had been added along the coast by mid-1983. Using a conservative multiplier
of 2.0 persons-per-mobile home household, the proportion of mobile home resi-
dents in the at-risk population is about 7.4 percént or 6,500 among the
87,980 persons 1iving in the endangered zone in mid-1983,
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Because of their susceptibility to high winds, the National Weather Service
recommends that all mobiTe home residents be evacuated to more secure shelter
facilities when hurricane force winds are expected. Therefore, the popula-
tion in mobile homes in the remainder of the Region should be considered an
element of the at-risk population. This is estimated at 66,220 mobile home
residents outside the coastal at-risk zone in mid-1983, added to the 6,500
within the zone, for a total of 70,720 mobile home residents in the Region.

TasLE 15

CoasTAL PoruLATION AT Risk

1980 Census 1983 Estimate
NASSAU 10,840 13,330
DUVAL 42,200 45,650
ST. JOHNS 18,760 22,810
FLAGLER 4,800 6,190
Total Persons 76,600 87,980

ConsTaL Housing AT Risk

1980 Census 1983 Estimate
NASSAU 5,230 6,460
DUVAL 16,990 18,510
ST. JOHNS 9,450 11,800
FLAGLER 3,130 ; 3,980
Total Units 34,800 40,750
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County

Baker
Clay
Duval
Flagler
Nassau
Putnam

St. Johns

Region

TasLE 16
MoBILE Home PopuLaTiON AT RISK
Mip-1983
In Coastal Qutside Coastal
Risk Zone Risk Zone TOTAL
. =0~ 1,960 1,960
-0- 7,500 7,500
3,800 26,030 29,830
1,140 890 2,030
720 7,590 8,310
-0- 13,506 13,506
840 6,740 7,580
6,500 66,220 70,720

Source: Northeast Florida Regional Planning Council

Methodology:

1980 Census mobile home count updated by using proportion of
mobile homes added per county 1970-1980 in relation to single
and multifamily units added, applied to residential construct-
ion permits issued per county January 1980 through June 1983.
Population estimated at 2.0 persons per mobile home.
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CHaPTER IV ROADWAY TNUNDATION
ANALYSIS

INTRODUCT 10N

Safe evacuation is predicated upon the movement of vehicles over critically
Tow points on evacuation routes prior to the occurrence of surge induced

as well as fresh water induced road blockages. Such blockages can happen
prior to the arrival of the eye of a hurricane.

The purpose of this chapter, therefore, is to identify points or segments

of low-lying coastal roadways and low bridge approcahes on barrier islands
and evacuation routes leading from barrier islands. Such data are needed

to determine how soon evacuation would have to be completed prior to road-
way inundation by storm surge as well as by flooding (not associated with

storm surge).

MeTHODOLOGY

In conducting the analysis, evacuation routes leading from barrier islands
on the coasts of Nassau, Duval, St. Johns, and Flagler Counties were identi-
fied. Centerline elevations as available were obtained from microfilm

held in files in the Deland and Lake City district offices of Florida's
Department of Transportation. Gaps in that data were filled in from spot
elevation information taken from storm evacuation maps prepared by the

U. S. National Oceanic and Atmospheric Administration, and from quadrangle
(contour) maps published by the U. S. Geological Survey. Peak storm surge
from the SPLASH II mathematical model (shown in Chapter III) for landfall-
ing hurricanes were compared against the centerline elevations. Furthermore,
flood prone data also were compared.

The foregoing data are incorporated in tables 17 through 33 beginning on the

next page, which tables are grouped by county, beginning with Nassau. Each
tabie, identified by the resnective evacuation route, is broken down by

genterl?ne elevations, vulnerability analysis data, and Tocation/distance
ata.

Nassau CounTy

Specific roads and highways on Amelia Island are marked with signs {(CD-1)
as evacuation routes. For instance, people 1iving on North Fletcher Avenue
in an evacuation would travel south to Atlantic Avenue, west on Atlantic
Avenue to 14th Street, south on 14th Street to State Road A-1-A, then west
on A-1-A across the Intracoastal Waterway and west. Centerline elevations
for that particular route are listed in the table which follows.
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TasiE 17

Norir FLeTcHER Avenue - Bvianvic AvENUE -
187 STrReeT - StaTeE Roap A-1-A

Centerline Yulnerability
Elevations Analysis

feet

8.00 Cat. 1

8.86 Cat.

15.75 Cat.
19.74 Cat.
12.75 Cat.
5.00 Cat.

5.79 "

(=

- wW

4 and

Flood Prone

15.70 Cat. 4

12:63 Flood Prone

Location/Distance

Morth Flietcher Avenue 1 mile N.
of Atlantic Avenue

3,000 feet N. of Atlantic Avenue

Intersection: A-1-A/Fletcher Avenue
500 feet W. on Atlantic Avenue
1,000 "

1,500 w

2,000 "
2,500 "
3,000 "
3,500 "
4,000 "
4,500 "
5,000 "
Intersection: Atlantic Avenue
and South 14th
2,000 feet S. on South 14th Street
3,000 "
4,000 "
7,000 "
Five Points Intersection/A-1-A
On A-1-A, 1,000 feet W. of
Five Points Intersection
1,500 feet W. of Five Points Inter.
1,000 feet E. of Shave Bridge
1,500 feet W. of Shave Bridge
2.500 "
Intersection: A-i-A and
County Road 107
Intersection: A-1-A and
Black Rock Road

A second important evacuation route begins at the south end of Amelia Island,
extends north on A-1-A to County Road 105A, then continues north along Amelia
Island Parkway to A-1-A, left on A-1-A to Shave Bridge ‘and points west.
Centerline elevations are summarized on the following page.
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TaBLE 18

STATE RoaD A-1-A on AMELIA [SLAND
FroM SouTH TO NorTH

Centerline Vulnerability
Elevations Analysis Location/Distance
feet
8.00 Flood Prone At S. end of Amelia Island on
A-1-A, 3,000 feet N.E. of
Nassau Sound bridge.
8.00 " 1% miles N. of Nassau Sound
bridge on A-1-A.
15.00 " Intersection: A-1-A and
Lewis Street
18.00 " Intersection: A-1-A and
Gerbing Road
15.00 " Intersection: A-1-A and
Phillips Manor Road
16.00 " Intersection: Amelia Island
Parkway and Via del Ray
14.00 " Intersection: Amelia Island
Parkway and Amelia Road
10.00 " Intersection: Amelia Island

Parkway and A-1-A

Other connections from the beaches to A-1-A include Sadier Road, which has
centerline elevations ranging from 16 to 22 feet, and Bill Melton Drive,
which has centerline elevations ranging from an estimated 15 feet to 26 feet.
State Road 105 stretching along the seacoast from Atlantic Avenue south to
Amelia Island Parkway has centerline elevations ranging from 10 one south of
Atlantic Avenue to 25 feet three miles south of Atlantic Avenue. See Storm
Surge Inundation Maps 1 and 2 in Chapter II.
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DuvaL County

Major evacuation routes leading from the beaches to points west in Duval
County are Hecksher Drive on the north side of the St. Johns River, and
Atlantic Boulevard, Beach Boulevard, and J. Turner Butler Boulevard on the
south side of the St. Johns River.

TABLE 19
HecksHER DRIVE FRoM FoRT GEORGE INLET TO BROWARD RIVER

Centerline Vulnerability
Elevations Analysis Location/Distance
feet
7.00 Cat. 1 and 2/5 mile S.W. Fort George Inlet

Flood Prone

7.00 Ferry entrance

9.00 " 1 mile S.W. ferry entrance
11.00 Cat. 3 1/5 mile S.E. Sisters Creek

6.00 Flood Prone 1 mile W. Sisters Creek

6.00 " 1 mile E. Clapboard Creek

6.00 " N.W. approach Clapboard Creek
8.00 " 7/10 mile N.W, Clapboard Creek
7.00 " 1.5 mile E. Dunn Creek

3.90 " E. Approach Dunn Creek

5.80 " 300 feet W. Dunn Creek

3.30 " 900 .

7.60 " 1500 "

3.70 " 2100 "

2.50 " 2700 "

4.80 . 3300 "

6.40 " 3900 " :

11.38 E. approach Broward River bridge
11.50 W. approach Broward River bridge
19.00 1 mile W. of Broward River bridge
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TaBLE 20
ATLANTIC BOULEVARD FROM 2ND STREET TO INTRACOASTAL WATERWAY

Centerline Vulnerability
Elevations Analysis Location/Distance
feet
12.62 Cat. 2 At beaches, 100 ft. E. of 2nd Street
12.65 " Intersection, 2nd Street
12.77 " 500 feet. W. of 2nd Street
11.82 Cat. 3 1,000 "
10.86 " 1,500 "
11.09 " 2,500 "
10.96 " 2,500 "
11.50 o 3,000 "
12.91 " 3,500 "
12.33 " 4,000 "
9.87 " 4,500
8.18 Cat. 3 and 5,000 (1 mile W. of ocean)
Flood Prone
8.67 " 5,500 feet W. of 2nd Street
10.75 Cat. 3 6,000 "
12.45 " 6,500 "
12.86 " 7,000 "
12.44 " 7,500 "
10.60 " 8,000 "
6.83 Cat. 3 and Flood Prone 8,500 "
6.22 " 9,000 !
6.21 " 9,500 "
6.16 " 10,000 "
6.31 " 10,500 "
6.37 " 11,000 "
6.59 " 11,500 "
10.76 " E. approach to bridge
14.00 " 3,000 feet. w. of Intracoastal
Waterway
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TABLE 71

Beact BoULEVARD FroM SEAWALL TO INTRACOASTAL WATERwWAY AND WEST

Centerline
Elevations

(feet)
12.

COMININASENLWLWFEOOROWOWOWRNDNO

0

[N N o)
OO O

Vulnerability
Analysis

Cat. 2 and
Flood Prone

45

Location/Distance

Bulkhead (seawall)

1st Street

400 feet W. of 1lst Street

800 "

1,200 "

1,600 "

2,000 "

2,500 "

3,000 "

3,500 "

4,000 "

4,500 "

5,000 "

5,500 "

6,000 "

6,500 "

7,000 "

7,500 "

3,000 feet E. of Intracoastal
Waterway

E. approach to bridge

W. approach to bridge

4,000 feet W. of Intracoastal
Waterway

1 mile W. of Intracoastal Waterway

1% miles W. of Intracoastal Waterway



AR 22

J. TURNER BUyiieR BOULEVARD FROM
Staie Reao A-LA 7o Pasio CREEK

Centeriine Yuineracility
Elevations Anaiysis Location/Distance
Teet
11.8 Cat. 3 and End of ramps at SR A-1-A
Fiood Prore
27.50 1,000 ft. W. of A-1-A
33.19 2,000 ¢
16.00 Cat. 5 3,000 "
13.00 . 4,000 "
i2.90 5,000 i
13.70 " 5,000 "
11.46 " 7,000 "
12.72 " 8,000
11.85 " E. approach to Pablo Creek bridge
72.93 Pablo Creek bridge
12.00 W. approach to Pable Creek bridge

Among conneciing routes on the coast south of the St. Johns River are Mayport
Road leading from the Mayport Naval Station to Atiantic Boulevard and State
Road A-1-A from the Mayport fishing village to Mayport Road.

TABLE 723
MaveorT RoaD: MayeorT Navar Station 7o ATiantic BounevarD

Centerline Yulnerability
Elevations Analysis Location/Distance
feet
7.20 Cat. 3 Naval Station Gate
7.18 Cat. 5 1,000 feet S. of Gate
7.10 " Intersection: Mayport Road
and Wonderwood Drive
7.04 " 2,000 feet S. of Gate
8.15 " 3,000 "
9.50 " 4,000 "
12.45 " 1 mile S. of Gate
15.47 " 2 miles "
12.95 Cat. 3 3 miles "
12.47 " Intersection: Mayport Road and

Atlantic Boulevard



Only four centerline eleavaticns are available for State Road A-1-A which
connects the Mayport Fishing Village with Mayport Road. They are listed as
follow:

Centerline Vulnerability
Elevations Analysis Location/Distance
feet
4.38 Cat. 3 and 2,250 feet N. of Sherman Creek
Fiood Prone
7.00 " 500 feet S. of Sherman Creek
9.00 Cat. 5 Intersection: A-1-A and
Wonderwood Drive
15.00 " Intersection: A-1-A and

Mayport Road

State Road A-1-A leading along the coast north from the St. Johns County line
to St. Augustine Road at Jacksonville Beach has centerline elevations ranging
from 9.6 feet to 11.66 feet. Farther north that same State Road has center-
Tine elevations which are 9 feet one-half mile south of Beach Boulevard, 10
feet one-half mile north of Beach Boulevard, and 12 feet one-half mile south
of Atlantic Boulevard. See Storm Surge Inundation Map 4 for vulnerability
of this route.

In addition to Hecksher Drive on the north side of the St. Johns River are the
roads leading to and from the Black Hammock area, beginning with Sawpit Road.
Sawpit Road connects into Cedar Point Road, thence into New Berlin Road. On
Sawpit Road, centerline elevations range from 10 to 11 feet. The elevation is
9 feet where Sawpit Road intersects with Cedar Point Road. Centerline eleva-
tion on Cedar Point Road 1.2 miles west of the intersection is 10 feet, whereas
it is 5 feet three miles west of the intersection (with Sawpit Road). This
appears to be the lowest point on that particular evacuation route. Thereafter,
centerline elevations on Cedar Point Road range from 11 to 16 feet. Elevations
on New Berlin Road into which Cedar Point Road connects are 19 to 20 feet.

See Storm Surge Inundation Map 3 for vulnerability analysis.

St. Jorns County

The coastal area of St. Johns County is analyzed geographically in three sec-
tors, the north around Ponte Vedra, the central around St. Augustine, and the
south around Crescent Beach.

Primary evacuation routes in the northern sector include State Road 210 from
State Road A-1-A to the Intracoastal Waterway, and southwest; State Road 210A
from A-1-A to the Intracoastal Waterway, and southwest; south on A-1-A; and
south on State Road 203. Centerline elevations are summarized in the tables
which follow:



TABLE 24
StaTe Roap A-1-A rrom DuvaL County Line SoutH To STATE Roap 210

Centerline Vulnerability

Elevations Analysis Location/Distance
(feet)
12.72 Cat. 3 Duval County Line
16.45 " 1/2 mile S. of Duval County Line
16.25 " 2 miles " " "
15.45 3 miles " " "
14.05 Cat. 5 4 miles Y " "
12.76 Intersection with SR 210

TABLE 25

STATE Roap 210A rFroM STATE RoaD A-1-A TO INTRACOASTAL WATERWAY

Centerline Vulnerability
Elevations Analysis Location/Distance

(feet)

16.00 Cat. 5 Intersection with A-1-A
5.00 Cat. 5 and Flood Prone 2/5 mile W. of SR A-1-A
6.00 " " 1-1/5 mile S.W, of SR A-1-A
7.00 " " 2 miles SW of SR A-1-A
7.00 Flood Prone 4 miles SW of SR A-1-A
8.00 " " 5.5 miles SW of SR A-1-A
6.00 " " Intersection with SR 210

near bridge
TABLE 26
STATE Roap 210 FroM SR A-1-A To INTRACOASTAL WATERWAY
Centerline Vulnerability
Elevations Analysis Location/Distance
eet

12.76 Flood Prone Intersection with A-1-A
8.00 " " Palm Valley
8.00 " " 2 miles $. of Palm Valley
6.00 n " Intersection with SR 210A

near bridge
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Highest centerline elevation on State Road 203 (which goes between the
county line and A-1-A, along the shoreline) is 20 feet. Otherwise, ele-
vations on that particular route generally range from 11 to 13 feet.
Centerline elevations on A-1-A from State Road 210 to Vilano Beach range

from 8 feet to 21 feet.

Beach on the table which follows:

TaBlE 27

They are summarized down to South Ponte Vedra

StaTE Roap A-1-A rroM 210 10 SoutH PonTE VEDRA BEACH

Centerline
Elevations

(feet)

12.00
13.00
11.00
10.00

9.00
16.00
13.00

VYulnerability
Analysis

Flood Prone

Location/Distance

Intersection A-1-A and 210

1% mile S of 210

1 mile S. of Mickler Landing

3 miles S. of Mickler Landing

5 miles " " "

6% miles
1% miles N. of South Ponte
Vedra Beach

In the St. Augustine area, the foregoing A-1-A route continues from South
Ponte Vedra Beach to Vilano Beach, then across the Vilano Bridge into the

City of St.

Centerline
Elevations
feet

14.00
15.00

15.00
21.00
13.00
8.00
8.00
8.00

Augustine.

TaBLE 78

STATE Roap A-1-A From SoutH PonTE VEDRA BeacH TO

City oF ST. AUGUSTINE

Vulnerability
Analysis

Cat. 3

Cat. 3 and Flood Prone

Cat. 1 and Flood Prone

49

Location/Distance

South Ponte Vedra Beach
1% miles S. of South Ponte
Vedra Beach
3 miles
3 miles N. of St. Augustine Inlet
1 mile "
S. end of Vilano Beach
Approaches to Vilano Beach
In City:-of St. Augustine



Routes inside City of St. Augustine have centeriine elevation generally
ranging from 5 to 10 feet. The Towest point, five feet, is depicted on

King Street abdut 1,000 feet west of US-1 and also east of the San Sebastian
River. Near the fort, Castillo de San Marco, centerline elevation for

San Marco Avenue is approximately 7 feet. King Street's elevation is an
estimated 8 Teet in the area near the County Courthouse. Approaches to

the US-1 bridge over the San Sebastian River are 9.7 feet.

Immediately south of the City of St. Augustine, two evacuation routes lead
from Anastasia Island. The major route is State Road 312 which connects

from St. Augustine Beach directly west to US-1 across the Matanzas River.
Centerline elevations for SR-312 are listed as follow:

TaLE 29
StaTE RoaD 312 rroM SR A-1-A West 1o US-1

Centerline VYulnerability

Elevations Analysis Location/Distance
feet
8.00 Cat. 1 Intersection: SR 312/SR A-1-A
10.22 Cat. 5 3,000 feet W. of SR A-1-A
11.50 " 3,500 "
12.71 " 4,000 "
17.33 " 4,500
17.71 " 5,000
17.00 " Intersection with SR 3
10.00 Cat. 5 and Flood Prone 1,000 feet W. of SR 3
12.66 w @ " 3,000 "
11.66 " " " 4,000 "
10.66 " " " 5,000 "
10.66 " " u 7,000 "
11.13 " " " E. bridge approach
14.10 Flgod Prone K. bridge approach
9.37 " 2,500 feet E. of US-1
12.95 " " 2,000 feet E. of US-1
16.95 1,500 feet E. of US-1
21.39 Intersection with US-1

The second important route is State Road A-1-A stretching from the inter-
section of State Raod 3 northwest to the Bridge of Lions. Centerline
elevation on Anastasia Island at the Timits of the City of St. Augustine
is 15.3 feet. At the intersection at SR 3, it is 11 feet. State Road 3
connects with both of these major evacuation routes. Centerline elevations
for SR-3 ranges from 11 to 17 feet. Centerline elevations for that stretch
of A-1-A leading from SR-3 and hugging the shoreline begins with 7.83 feet
one mile south of St. Augustine's city Timits, then drops to 6.85 feet at
a point near the beach shoreline. Along the beach, centerline elevations
range from 7 to 10 feet, then rise to 13 feet where A-1-A reconnects with
SR-3 further south. For vulnerability, see Surge Inundation Maps 7 and 8.
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People Tiving in the southern sector of the coast anywhere aiong State
Road A-1-A south of State Road 3 will be encouraged to drive to State
Road 206 then west to US-1. Centerline elevations for State Road 206
range from 7 feet immediately west of the bridge to at least 26 feet
at the intersection with US-1. The intersection at State Road A-1-A
has an elevation of 8 feet. Centerline elevations for State Road A-1-A
beginning at SR-3 and ending at Marineland are listed as follow:

Taple 30
STATE Roap A-1-A =roM SR 3 70 MARINELAND

Centerline Vulnerability
Elevations Analysis Location/Distance
feet
13.00 Cat. 5 Intersection: A-1-A and SR-3
8.00 Flood Prone 2 miTes N. of Crescent Beach
7.00 ! 1% miles " !
8.00 " Intersection: A-1-A and SR 206
6.00 2 miles S. of Crescent Beach
8.00 " 1 mile N. of Matanzas Inlet
10.53 Cat. 1 and Flood Prone N. approach to Matanzas Inlet bridge
9.63 ! ! " S. approach ! .
8.00 ! " " 2 miles S. of Matanzas Inlet
7.38 " " " Flagler County line
FLAGLER COUNTY

The main evacuation vroute ieading inland from the coast is described
as follows:

TaBLE 31
- StaTE Roap 100 FRoM FLAGLER BEACH WEST TO BUNNELL

Centerline Vulnerability
Elevations Analysis Location/Distance
feet
18.57 Cat. 4 Intersection with SR A-1-A
10.68 " 500 feet W. of A-1-A
8.00 . 1,000 "
8.00 " 2,000 - "
8.00 " E. bridge approach
8.00 Flood Prone W. bridge approach
15,00 2,000 ft. W. of Intracoastal Waterway
13.96 1 mite W. of Intracoastal Waterway
13.00 6,000 feet W. of bridge
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Centerline
Elevations

(feet)

12.00
17.56

TaRLE 31
(CONTINUED)

Yulnerabiiity
Anaiysis Locetion/Distance

Flood Prone 7,000 fzat W. of bridge
10,000 "
2 mites W. of Intracoastal Waterway
@ n

4
5
6 it "
7
I

ntersection with US-1

The connecting route from Marineland south on State Road A-1-A to Flagler
Beach is described in the foliowing table.

Centerline
Elevations
feet

7.38
9.19
8.35
7.47
8.06
10.85
10.97
12.20
15.45
11.68
9.50
9.41
17.67
21.84
20.68
18.57

TaBLE 32
StATE RoaD A-1-A rrom MarinzrLaMD SoutH 7o SR 100

VYulnerability
Analysis Location/Distance

Cat. 1 and Flood Prone At St. Johns County line
" 1 mile S. of County line

Cat. 3 2 H
il 3 H
Cat. 4 4 "
1] 5 "
i 6 1]
1 7 "
13 8 n
Cat. 3 9 "
Cat. 2 10 "
L1} 11 [}
Cat. 4 12 "
Cat. 5 14 "
" 1 5 ., "

" Intersection with SR-100

Centerline elevation on State Road A-1-A connecting from the;Volusia
County line north to Flagler Beach appears to be a constant 19 feet.
It would take the surge of a Category 5 Tandfalling hurricane (striking
90 degrees relative to coastiine) to overwnelm this route.
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INTRODUCT FON

Equally as important as the hazard analysis, tha vuinerabil{ty analysis, the
roadway inundation analysis, ane %ne ceiineatiun of the threatered population
and dwelling units, are the behavioral tendencies of the population at risk,

It was necessary, therefore, to ascertain the beliavioral tendencies of the
population at visk 1) to quentify the’r evacvaticn time, 2) to determine their
region-wide and county-wide demand on roadway <coacities, and 3) to develop
projections For the number of pubiic shelters wrich will be reguired under
hurricane~related emergency situaticns. A survey was conducted duvring the
months of July, August, and September 1983. The foilowing benavioral character-
istics were addressed:

©® MWhen the threatened popuiation would Teave their residences
pursuant to an evacuation crder;

© The pumber of vehicles that the threatened households would
utilize for evacuation;

® The number of residents who would require pubiic transportation or
other assistance if reguirad to evacuate;

® The pre-planned destinations of the population at risk; and

6@ The general hurricane experience of the population at risk.

METHODOLOSY

As in the process of conducting most surveys, three major components consti-
tuted the main underpinnings of the behavioral survey. They were designing

of the survey questionnaire, selecting of the survey target areas, and ad-
ministering of the survey. Then too, the process also included tabulating the
responses and analyzing the resultis.

QUESTIONMAIRE DESIGN
The behavioral survey questionnaire form, a data collection instrument, ad-
dressed the major behavioral issues associated with hurricare evacuation.
These included evacuation time, vehicle use, speciai transgortation needs,
planned destinations and routes, and prior nurricane experience.

Ui
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A copy of the survey guesticrnai=e form Is enciosad as APPINDIX O. Its composi-
tion was based on a hybrid of survey questionnaires compieted praviousiy by
Tampa Bay Regional Planning Councii, East Certral Florida Regional Planning
Council, and Treasuve Coast Regigrai Ylanning Council.

SURVEY TARGET AREAS
Survey target areas in order of pricrity were households along the sea coasts
of Duval, Flagler, Nassau, and St. ochns Counties; mobile home households in
six counties of Northeast Florida: and selected households atong panks of the
St. Johns River and §ts tributarias in Clay ena Duval Counties.

0f a total 2,000 interviews attempted, 1,588 ware completed, from which 1,812
samples were selected basad upon compietion of the interviews. Of the 1,312
samples, 688 were from among nousehcids along the sea coasts of Duval, Flagler,
Nassau, and St. Johns Counties. Five hundred fourteen (514) ware from mobile
nome households in the six courtias of Clay. Juvai, Flagier, Naessalu, Putnam,
and St. Johns. Those mobiie heme houssholds targeted in the coastal

counties were west of the Intracoasial Waterway. Included “n the households
on the banks of tne St. Johns River and its tributaries were those in Duval
County along Heckscher Drive, in Riverside, and in the Venetia/Ortega area.
In Clay County, certain households were selected around Docters Lake, along
the St. Johns River, and in the Black Creek area.

As far as possible, the selection of most households was based upon the 1980
Census divisions (of househcids). For instance, 48 percent of the households
east of the Intracoastal Waterway were in Duval County. Accordingly, at least
48 percent of the households targeted in tne four county coastal area were in
Duval County.

Distri>ution of Sample

Number of
Completed
County/Area Interviews

Nassau County
Coasial area, 19
Mobite homes

Duvai County

Coastal area 432
Heckchey Drive 40
Riverside/Oriega ok

Mcbiie homes™ i99

St. Johns County

Ponte Vedra Beacn 33
Viiano 26
City of St. Augustine 36
St. Augustine Beach and points south 97
Mobilie nhomes™ 68

Located west of the Intracoasta: Waterweay

“
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Distribution of Sampie (continued )

Completed

County/Area Interviews
Flagler Beach

Coastal area i5
Clay County

Waterfront 52

Mobile homes 60
Putnam County

Mobile homes 176

ADMINISTRATION OF SURVEY

Non-profit corporations here in Northeast Flo~ida were contracted to conduct the
survey. They did so by telephone Trom July 1, 1883 to August 31, 1983, using the
aforementioned behavioral survey questionnaire form. The non-profit corporations
included were: Association for Retarded Citizens, Clay, Inc.; Association for
Retarded Citizens of Putnam County, Inc.; Big Brothers and Big Sisters of Nassau
County, Inc.:; Flagler County Council on Aging, Inc.; Jacksonviile League of Woman
Voters, Inc.; and St. Johns County Council on Aging. Inc. The Northeast Florida
Regional Planning Council assisted volunteers of these corporations in selecting
blocks of addresses and telephone numbers and provided them with the survey ques-
tionnaires.

Pre-printed postcards were mailed to prospective respondents at least three days
in advance of their receiving a telephone call. Volunteers made up to four tele-
phone call backs in attempting to reach those prospective respondents who were
not at home.

COMPILATION

Upon completion of the survey, the Northeast Florida Chapter of the American Red
Cross was contracted to compile the data and reduce the data onto sheets formatted
specifically for analytical purposes. One staff members and & large number of
volunteers of that Chapter completed this task in September 1883. The analysis
and findings of the Behavioral Survey follow hereafter, first on a county-wide
basis, and second on a region-wide basis. In addition, county-wide responses are
analyzed in absolute figures.



1. Do you 'ive Sn a:

Massau County

Coastal Area
Mobile home 5%

Duval County
Coastal At~wa
Hecksher Drive

Riverfront
Mobile hermas®

St. Johns County

Ponte Vizdra

Vilano

St. Augjustine

St. Aurgustine Beach
Mobile homes*®

Flagler County

Coast;al Aree

Clay County

Rivizrfront
Mob § le homes

Putnam County

Mob>1 e homas™

e

4
|9

s}

unty-wide Respense Analysis

Singie family home

60%

12%
93%
100%

94%
84%
86%
847%

73%

90%

“Loca'ted west of Intracoastal Waterway

Py~ Ty B
BV imeiie

15%

3%

11%
6%

13%

4%

Condominium

20%

6%

3%
8%

4%

Mobile Home

100%

4%

5%

100%

8%
3%
5%
100%

1%

6%
100%

100%

Duplex/Triplex

8%

3%
2%

1%

7%
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2. I¥ you were ovdered by a government authority to evacuate, how soon

could you be ready and when would you leave?

Nassau County

Coastal Area
Mobile homes ¥

Duval County

Coastal Arza
Hecksher Drive
Riverfront
Mobile homes *

St. Johns County

Ponte VYedra

Vilano

St. Augustine

St. Augustine Beach
Mobile homes *

Flagler County

Coastal Area

Clay County

Riverfront
Mobile homes

Putnam County

Mobile homes

Immediately

63%

76%

64%
80%
12%
70%

76%
92%
75%
53%
69%

67%

44%
65%

80%

ES

One hour

18%
6%

18%
10%
22%
18%

14%
4%

27%

44%
20%

11%

"
Located west of Intracoastal Waterway

Two hours

10%
6%

9%

6%
3%

3%
3%
14%
2%

8%
7%

5%

Three hours

4%

3%

3%

6%

5%

Four hours plus

2%
2%

3%

2%
2%

2%

2%

Never

12%

3%
8%

3%

9%
8%
22%
1%
23%

6%

2%
3%

2%



3. How many people 1live in your home including yourself?

Nassau County

Coastal Area
Mobile homes™*

Duval County

Coastal Area
Hecksher Drive
Riverfront
Mobile homes*

St. Johns County

Ponte Vedra
Vilano
St. Augustine

St. Augustine Beach
Mobile homes *

Flagler County

Coastal Area

Clay County

Riverfront
Mobile homes

Putnam County

Mobile homes

*
Located west of Intracoastal Waterway

One Two Three Four Five or More
18% 39% 22% 15% 6%
24% 29% 35% 12%
17% 38% 22% 16% 7%
8% 55% 20% 15% 2%
59 569 229 17%
17% 38% 22% 16% 7%
18% 27% 27% 12% 16%
30% 42% 8% 8% 12%
28% 429 14% 8% 8%
18 46% 19 10% 7%
169 47% 16% 13% 8%
20% 60% 13% 7%
21% 35% 15% 21% 8%
8% 38% 20% 15¢% 19%
16% 497 209 8% 7%
58
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4. Do you and members of your family 1ive in the area during months of
June through November?

Yes No

Nassau County

Coastal area 88% 12%

Mobile homes* 100%
Duval County

Coastal area : 188% 1%

Heckscher Drive 100;

Riverfront 98% 29

Mobile homes* e
St. Johns County

Ponte Vedra 97% 3%

Vilano 100%

St. Augustine 100%

St. Augustine Beach 97% 3%

Mobile homes * 87% 13%
Flagler County

Coastal area 93¢% 7%
Clay County

Riverfront 100%

Mobile homes 100%
Putnam County

100%

Mobile homes

*
Located west of Intracoastal Waterway
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5. Do you and members of your family live in the area duri:ng menths of
December through May?

Nassau County
Coastal area 86% 149
Mobile homes® 100%
Duval County
Coastal area 98% %
Heckscher Drive 100%
Riverfront 100%
Mobile homes* 97% 3%
St. Johns County
Ponte Vedra 97% 3%
Vilano 6% 49
St. Augustine 100%
St. Augustine Beach 94% 6%
Mobile homes* 90% 0%
Flagler County
Coastal area 93% 7%
Clay County
Riverfront 100%
Mobile homes 100%
Putnam County
Mobile homes 100%

*
Located west of Intracoastal Waterway
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6. How many vehicles are in your household?

Nassau County

Coastal area
Mobile homes*

Duvail County

Coastal area
Heckscher Drive
Riverfront
Mobile homes™*

St. Johns County

Ponte Vedra

Vilano

St. Augustine

St. Augustine Beach
Mobile homes*

Flagler County

Coastal area

Clay County

Riverfront
Mobile homes

Putnam County

Mobile homes

One

35%°

37%

38%
15%
22%
36%

24%
46%
55%
43%
46%

46%

23%
28%

37%

*Located west of Intracoastal Waterway

61

Two

51%
46%

42%
567%
72%
47%

487%
31%
24%
40%
37%

39%

40%
48%

46%

Three

14%
12%

12%
20%

6%
12%

18%

8%
10%
11%
12%

11%

27%
17%

11%

Four plus

5%

8%
9%

5%

10%
15%
11%
6%
5%

4%

6%
7%

6%



6A. How many vehicles would you use during an evacuation?

Nassau County

Coastal area
Mobile homes *

Duvai County

Coastal area
Heckscher Drive
Riverfront
Mobile homes *

St. Johns County

Ponte Vedra

Vilano

St. Augustine

St. Augustine Beach
Mobile homes*

Flagler County

Coastal area

Clay County

Riverfront
Mobile homes

Putnam County

Mobile homes

One

67%
80%

66%
55%
61%
69%

67%
83%
78%
68%
75%

67%

63%
78%

72%

. _
Located west of Intracoastal Waterway
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Two

25%
20%

26%
42%
39%
24%

30%
13%
14%
22%
17%

25%

25%
21%

24%

Three

5%

5%
3%

5%

3%

4%
7%
6%

5%

10%
1%

4%

Four plus

3%

3%

2%

4%
43
300
2%

3%



6B. Would you need transportation such as a bus or taxi?

Nassau County

Coastal area
Mobile homes *

Duval Count

Coastal area
Heckscher Drive
Riverfront
Mobile homes*

St. Johns County

Ponte Vedra

Vilano

St. Augustine

St. Augustine Beach
Mobile homes*

Flagler County

Coastal area

Clay County

Riverfront
Mobile homes

Putnam County

Mobile homes

*
Located west of Intracoastal Waterway

63

Yes

4%

5%

4%

11%
1%

14%

4%

4%

96%
100%

95%
100%
100%

96%

100%
100%
89%
99%
100%

86%

96%
100%

96%



7. Is there anyone who could not be evacuated without help from outside

your home?

Yes
Nassau County
Coastal area 29
Mobile homes * 7%
Duval County
Coastal area 49
Heckscher Drive 59
Riverfront
Mobile homes * 49
St. Johns County
Ponte Vedra
Vilano 4%
St. Augustine 11%
St. Augustine Beach 3%
Mobile homes* 2%
Flagler County
Coastal area
Clay County
Riverfront 6%
Mobile homes
Putnam County
Mobile homes 8%

*
Located west of Intracoastal Waterwav
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98%
92%

96%
95%
100%
96%

100%
967%
89%
97%
98%

100%

94%
100%

92%



8. After leaving your home, where would you go?

Nassau County

Coastal area
Mobile homes*

Duval County

Coastal area
Heckscher Drive
Riverfront
Mobile homes*

St. Johns County

Ponte Vedra

Vilano

St. Augustine

St. Augustine Beach
Mobile homes*

Flagler County

Coastal area

Clay County

Riverfront
Mobile homes

Putnam County

Mobile homes

Designated Friend or Hotel
Red Cross Shelter Relative or Motel

16% 53% 27%

20% 47% 20%

22% 51% 20%

11% 55% 18%

39% 50% 11%

16% 37% 12%

26% 45% 29%

17% 443 22%

41% 35% 14%

24% 46% 15%

67% 23% 6%

60% 13%

36% 36% 8%

439 33% 3%

53% 28% 7%

*
Located west of Intracoastal Waterway
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Don't
Know

47
13%

7%
16%

5%

17%
10%
15%

4%

27%

20%
21%

12%



9.

What route would you take?

What major highway or street?

Nassau County - coastal area

A-1-A west 96%
Unspecified 4%

Duval County - coastal area

Atlantic Boulevard 36%
J. Turner Butler Boulevard 28%
Beach Boulevard 36%

Duval County - Heckscher Drive/Talbot Island

Heckscher Drive 100%

St. Johns County - Ponte Vedra

J. Turner Butler 85%

A-1-A 3%
State Road 210 9%
Unspecified 3%

St. Johns County - Vilano

Beach/South Ponte Vedra

A-1-A south 83%
A-1-A north 4%
Unspecified 13%

St. Johns County - Anastasia/Davis Shores

Bridge of Lions 24%

State Road 312 19%
Us-1 9%
Unspecified 48%

St. Johns County - St. Augustine Beach/Crescent Beach

Bridge of Lions 3%
State Road 312 52%
State Road 206 21%
Other 7%
Unspecified 17%

Flagler County - coastal area

State Road 100 - 100%
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10. Have you ever experienced a direct hurricane strike?

Nassau County

Coastal area
Mobile homes*

Duval County

Coastal area
Heckscher Drive
Riverfront
Mobile homes*

St. Johns County

Ponte Vedra

Vitano

St. Augustine

St. Augustine Beach
Mobile homes*

Flagier County

Coastal area

Clay County

Riverfront
Mobile homes

Putnam County

Mobile homes

¥
Located west of Intracoastal Waterway

Yes

49%
59%

67%
63%
83%
60%

58%
73%
81%
75%
89%

67%

65%
63%

53%

No

51%
41%

33%
37%
17%
40%

42%
27%
197
25%
11%

33%

35%
37%

47%



11. Into which age group do you befong?

Nassau County

Coastal area
Mobile homes*

Duval County

Coastal area
Heckscher Drive
Riverfront
Mobile homes*

St. Johns County

Ponte Vedra

Vilano

St. Augustine

St. Augustine Beach
Mobile homes*

Flagler County

Coastal area

Clay County

Riverfront
Mobile homes

Putnam County

Mobile homes

35 "and under 35-49 50-64 65 and over
22% 33% 33% 12%
18% 53% 24% 5%
31% 26% 25% 18%
18% 20% 50% 12%

6% 28% 442 22%
349 30% 21% 15%
30% 36% 18% 16%
11% 19% 35% 35%
14% 17% 19% 50%
15% 20% 35% 30%
16% 12% 447 28%

20% 27% 53%
19% 33% 31% 17%
34% 28% 25% 13%
13% 19% 37% 31%

*Located west of Intracoastal Waterway:
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Region-wide Response Analysis

1. Do you live in a:

Regionwide Coastal homes
(total selected responses)
Single family home 48% (646) 76% (522)
Apartment 6% (87) 12% (82)
Condominium 3% (44) 6% (42)
Mobile home 42% (568) 4% (26)
Duplex or triplex _ 13 (20) 2% (16)
100% (1,365) 100% (688)

2. If you were ordered by a government authority to evacuate, how soon could
you be ready and when would you leave?

Regionwide Coastal Homes Mobile homes *

Immediately 68% 65% 13%
One hour 17% 17% 14%
Two hours 6% 9% 4%
Three hours 3% 3% 2%
Four hours plus 1% 1% 1%
Never 5% 5% 6%

100% 100% 156;

3. How many people live in your home including yourself?

Regionwide Coastal Mobile homes*
One 17% 18% 15%
Two 41% 40% 43%
Three 21% 21% A 21%
Four 14% 14% 13%
Five plus 7% 7% 8%
100% 100% 100%

*

West of the Intracoastal Waterway
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4. Do you and members of your household live in the area during months of
June through November?

Yes No
Regionwide 98% 2%
Coastal 98% 2%
Mobile homes* 97% 2%

5. Do you and members of your household live in the area during months of
December through May?

Yes No
Regionwide 97% 3%
Coastal 98% 2%
Mobile homes* 97% 3%

6. How many vehicles are in your household?

Mobile
Regionwide Coastal Homes. *
One 46% - 38% 37%
Two 39% 42% 46%
Three 11% 12% 12%
Four plus 4% 8% _,E%
100% 100% 100%
6A. How many vehicles would you use during an evacuation?
Mobile
Regionwide Coastal Homes *
One 67% 65% 72%
Two 25% 26% 23%
Three 5% 6% 3%
Four plus 3% 3% T2
165; 100% 100%

*
West of Intracoastal Waterway
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6B. Would you need transportation such as a bus or taxi?

Yes
Regionwide 4%
Coastal 4%
Mobile homes * 3%

7. Is there anybody who could not be evacuated without help

your home?
Yes
Regionwide 4%
Coastal 4%
Mobile homes * 5%

8. After leaving your home, where would you go?

Regionwide

Designated Red Cross Shelter 33%
Friend or relative a2%
Hotel or motel 15%
Don't know _10%

100%

No
96%
96%

97%

from outside

No
96%
96%
95%
Mobile
Coastal Homes *
22% 49%
47% 31%
19% 8%
100% 100%

9. What route would you take? What major highway or street?

See county-wide analysis.

10. Have you ever experienced a direct hurricane strike?

Yes
Regionwide 64%
Coastal 67%
Mobile homes * 59%

*
West of Intracoastal Waterway
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33%
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11. Into which age group do you belong?

Regionwide Coastal Mobile
homes homes homes”
35 and under 34% 26% 247%
35 - 49 25% 26% 24%
50 - 64 30% 27% 30%
65 and over 21% 21% 22%
100% 100% 100%
*
West of Intracoastal Waterway
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Key Response Analysis - Absolute Figures

2. If you were ordered by a government authority to evacuate, how soon could
you be ready and when would you leave?

Nassau County

Coastal area
Mobile homes*

Duval County

Coastal area
Heckscher Drive
Mobile homes*

St. Johns County

Ponte Vedra

Vilano

St. Augustine

St. Augustine Beach
Mobile homes*

Flagler County

Coastal area

Clay County

Riverfront
Mobile homes

Putnam County

Mobile homes

One Two Three  Four
Immediately Hour Hours Hours Hours+ Never

8,398 2,399 1,333 1,200
5,768 455 455 912
29,216 8,217 4,109 1,826 912 1,370
280 35 7 28
18,221 4,685 781 781 781 781
3,741 443 148 148 443
1,588 138
8,978 359 2,633
2,221 587 587 251 84 461
4,651 270 139 139 1,550
2,667 1,075 238
4,875 1,500 525 375 225
10,805 1,486 675 270 270

*
Located west of Intracoastal Waterway

73



6. How many vehicles are in your household?

Households : Vehicles
One Two Three + Total

Nassau County

Coastal area 6,460 2,262(1) 3,295(2) 904(3) 11,563

Mobile homes* 3,795 1,404 (1) 1,746 (2) 455 (3) 5,806
Duval County

Coastal area 18,510 7,043(1) 7,774(2) 3.702(3) 33,697

Heckscher Dr. 140 21(1) 78(2) 41(3) 300

Mobile homes* 13,015 4,685(1) 6,117(2) 2,213(3) 23,558
St. Johns County

Ponte Vedra 2,784 668(1) 1,337(2) 779(3) 5,679

Vilano 897 412(1) 278(2) 207(3) 1,589

St. Augustine 5,806 3,194(1) 1,393(2) 1,219(3) 9,637

St. Augustine 2,313 995(1) 925(2) 393(3) 4,024

Beach

Mobile homes * 3,370 1,550(1) 1,247(2) 573(3) 5,763
Flagler County

Coastal area 3,980 1,821(1) 1,552(2) 597(3) 6,727
Clay County

Mobile homes 3,750 1,050(1) 1,800(2) 901(3) 7,353

Putnam County

Mobile homes 6,753 2,899(1)  3.107(2)  1,147(3) 12,154

®
West of Intracoastal Waterway
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6A. How many vehicles would you use during an evacuation?

Households
Evacuating

Nassau County

Coastal area 6,460

Mobile homes™* 3,339
Duval County

Coastal area 17,955

Heckscher Dr. 130

Mobile homes* 12,624
St. Johns County

Ponte Vedra 2,533

Vilano 825

St. Augustine 4,529

St. Augustine

Beach 2,059

Mobile homes™ 2,595
Flagler County

Coastal area 3,741
Clay County

Mobile homes 3,637
Putnam County

Mobile homes 6,618

*
West of Intracoastal Waterway

One

4,328(1)
2,671(1)

11,850(1)
72(1)
8,711(1)

1,697(1)

685(1)
3,533(1)
1,400(1)
1,946(1)

2,506(1)
2,838(1)

4,765(1)

Vehicles
Two Three +
1,615(2) 517(3)
668(2)

4,668(2) 1,487(3)

55(2) 3(3)
3,030(2) 883(3)
760(2) 76(3)
107(2) 33(3)
634(2) 362(3)
453(2) 206(3)
441(2) 208(3)
935(2) 299(3)
764(2) 35(3)
1,588(2) 265(3)

Total
9,109

4,007

25,647
191
17,420

3,445
998
5,887

2,924
3,452

5,273

4,471

8,736



6B. Would you need transportation such as a bus or taxi?

Nassau County

Coastal area
Mobite homes *

Duval County
Coastal area

Heckscher Di-.
Mobile homes *

St. Johns Couinty
Ponte Vedria

Vilano

St. August:ine

St. Augustine Beach
Mobile hcrmes *

Flagler County

Coastal area

Clay County
" Mobile homes

Putnam County
Mobile homes

*
West of Intracoastal

Evacuating
Population

13,330
6,678

44,280
322
25,249

4,480
1,450
9,337
3,730
5,119

5,819

7,275

13,236

Waterway

Yes

4% or 533
-0-

5% or 2,214
0=
4% or 1,010

-0=
-0-
11% or 1,027
1% or 37
-0~

14% or 815

4% or 291

4% or 529



7. 1s there anyone who could not be evacuated without help from outside

your home?

Nassau County

Coastal area

Mobile homes™

Duval County
Coastal area

Heckscher Dr.
Mobile homes*

St. Johns County

Ponte Vedra
Vilano
St. Augustine

St. Augustine Beach

Mobile homes*

Flagler County
Coastal area

Clay County .

Mobile homes

Putnam County

Mobile homes

Evacuating

Population

13,330
6,678

44,280
322
25,249

4,480
1,450
9,337
3,730
5,119

5,819

7,275

13,236

* West of Intracoastal Waterway

Yes

2% or 266
7% or 467

4% or 1,771
5% or 16
4% or 1,010

4% or 58
11% or 1,027
3% or 112
2% or 102

-0-

8% or 1,059
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8. After leaving your home, where would you go?

Evacuating Designated Friend or Hotel Don't
Population Red Cross Shelter Relative or Motel Know
Nassau County
Coastal area 13,300 2,133 ;,062 §9g32 ggg
.13 )
Mobile homes* 6,678 1,335
Duval County
Coastal area 44,280 9,742 22,583 8,856 3,099
Heckscher Dr. 322 35 177 58 52
Mobile homes* 25,249 11,615 9,342 3,030 1,262
St. Johns County
Ponte Vedra 4,480 1,165 2,016 1,299
Vilano 1,450 247 638 319 246
St. Augustine 9,337 3,828 3,268 1,307 934
St. Augustine
Beach 3,730 895 1,715 560 560
Mobile homes * 5,119 3,430 1,177 307 205
Flagler County
Coastal area 5,819 3,492 756 1,571
Clay County
Mobile homes 7,275 3,128 2,401 218 1,528
Putnam County
Mobile homes 13,236 7,016 3,706 926 1,588
* West of Intracoastal Waterway
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8.b.c.

After leaving, where would you go?

To a friend or relative; in what county or city would that be?

From

Nassau County

Duval County

St. Johns County-
Ponte Vedra Beach

St. Johns County
(excluding Ponte
Vedra Beach)

Clay County
(mobile homes)

Putnam County
(mobile homes)

79

To

Nassau County-inland
Duval County
Georgia
Alachua County
Other cities,

counties, or states
Unspecified

Duval County-inland
Clay County

Alachua County
Georgia

Other cities

Other states
Unspecified

Duval County-inland
Orange Park
Other cities in State

St. Johns County-inland
St. Augustine

Duval County

Alachua County

Putnam County

Other cities

Other states
Unspecified

Clay County

Duval County

Other cities in State
Georgia

Putnam County

Duval County

Georgia

Alachua County

Other cities in state

28% or 2,858
13% or 1,326
44% or 4,489

3%

30%
13%
17%
10%
9%
13%
3%
5%

a7%
32%
16%

5%

54%
6%
17%
5%
18%

or

or
or

or
or
or
or
or
or
or

or
or
or

or
or
or
or
or
or
or
or

or
or
or
or

or
or
or
or
or

306

612
612

23,731
1,603
641
2,245
2,245
962
641

1,734
141
141

2,038
884
1,156
680
612
884
204
340

1,129
768
384
120

2,002
222
630
185
667



8.d.e.

After Teaving, where would you gof?

in what county or city would that be?

From

Nassau County

Duval County

St. Johns County-
Ponte Vedra Beach

St. Johns County
(excluding Ponte
Vedra Beach)

Flagler County

Clay County
(mobile homes)

Putnam County
(mobile homes)

To

Nassau County=-fnland
Duval County

Georgia

Alachua County
Unspecified

Duval County-inland
Georgia
Other cities

Duval County-inland
Clay County
Not specified

St. Johns County-inland
St. Augustine
Other cities

Putnam County
Other cities

Clay County

Putnam County
Lake City
Alachua County
Georgia

Other states
Unspecified

To a hotel or motel;

33%
27%
27%
7%
6%

7%
18%
5%

78%
11%
11%

51%
30%
19%

50%
50%

100%

51%
14%
7%
7 00
7%
14%

or
or
or
or
or

or
or
or

or
or
or

or
or
or

or
or

ovr

or
or
ovr
or
or
or

1,630
1,332
1,332
345
296

9,193
2,149
597

1,013
143
143

1,271
748
474

243
243

218

471
130
65
65

130



FINDINGS

Survey data generated and analyzed further reveals findings which are con-
veniently categorized around certain ones of the behavioral survey questions
as follow:

i.

Findings Based on Question 1: Type of Housing Unit

Household type is a key variable for predicting automobile
ownership and use, and sheltering demand. A1l mobile homes,
for instance, should be evacuated during an evacuation. As
noted in the Region-wide Analysis, 42 percent of all respond-
ents live in a mobile home. Counties of Northeast Florida
have a relatively high percentage of mobile homes. Then too,
a significant portion of the region's population live along
the sea coast, most of whom should be evacuated.

Findings Based on Question 2: Evacuation Order Responses

On a region-wide basis, 68 percent of all respondents stated
they will evacuate immediately. Sixty-five (65) percent of
respondents of coastal households will evacuate immediately,
which is the same percentage revealed in a similar survey
conducted among coastal residents of Brevard and Volusia
Counties in 1982 by the North Central Regional Planning Council.

A larger percentage of people 1iving in mobile homes Tocated inland
will evacuate immedfatelv as compared to those living in all types of
housing units on the coast, at least from a regional perspective.

St. Johns County is the exception. It is noteworthy in St. Johns
County that a significant 23 percent of the respondents living

in mobile homes answered "never" to Question 2. Additionally, a
large number of the respondents Tiving in the City of St. Augustine
also answered they would never evacuate (as revealed in the County-
wide Response Analysis).

Findings Based on Question 3: Household Characteristics -
Persons Per Household

On a region-wide basis, a higher percentage of single people live

on the coast. The average size of families among mobile home
households appears larger. This is true indeed in Clay and Nassau
Counties, as shown in Question 3 of the County-wide Response Analysis.

More of the coastal residents would be inclined to stay with a rela-
tive or friend. Flagler County is a major exception, at least
according to the County-wide Analysis. It is suggested that due to
rapid growth in that county, fewer coastal residents have family

or other social ties with those residents who live inland.
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Findings Based on Questicis 4 and 5: Year-Round Residency

Answers to Questions 4 and 5 indicate that only a small percentage

of permanent residents leave the area during hurricane season (June .
through November) as well as during the period December through

May. On a county-wide basis, however, a significant number of people
Tiving on the coast in Nassau County and in mobile homes in St. Johns
County leave these areas during the hurricane season. Answers to
Question 5 also show that a significant number of coastal residents
of Nassau County and mobile home residents of St. Johns County also
leave during the period December through May.

Findings Based on Questions 6, 6A, and 6B: Vahicle Avaiiability
and Usage

It is critical to have & realistic estimate of the number of vehicles
which will enter the evacuation route network. According to the
region-wide response analysis, a large majority of households have at
least two vehicles. On & region-wide basis, the ratio of cars to
households is 1.8:1, which happens to be the same for the coastal

areas at risk. Also on a region-wide basis, 70 percent of all regis-
tered vehicles would be utilized in an evacuation which is estimated

to be at Teast 92,000. The percentage ranges, however, from 60 percent
among mobile households in St. Johns County to 79 percent among coastal
households in Nassau County. Although the majority of avacuees would
utilize only one vehicle, at least 25 percent (of the evacuees) from
respective households would travel in two vehicles, as shown in the
region-wide response analysis. However, the use of two or more vehicles
varies from county to county., as noted in the county-wide response
analysis. On a region-wide basis, most residents would not rely upon

a bus or taxi. The coastal area of Flagier County and City ef St.
Augustine are the exceptions, as seen in the county-wide respanse
analysis.

Findings Based on Question 7: Transportati i
or Handicapped p ion Disadvantaged

The region-wide response analysis shows that four to five percent of
the respondents would need transportation. Applied on a region-wide
basis, this means that an estimated 5,888 people would need transporta-
tion assistance. The assumption is that most would need the assistance
of non-profit corporations such as respective county councils on aging,
associations for retarded citizens, etc. Hence, the elderly and phy-
sically and mentally handicapped would be prime examples of the people
in need of transportation. It is noteworthy that the City of St.
Augustine has a significant percentage of such people in need, as
refiected in the county-wide response analysis.

Findings Based on Questions 8 and 9: Evacuation Destinations
and Routes

Evacuation destinations and routes are significant for determining the

distance and period of time necessary for completion of evacuation,
the demand on evacuation routes, and the demand for shelter space.
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As shown in the Region-wice Response Analysis, almost half of the
residents living iriand in mobile hrmes would travel to a designated
Red Cross Shelter, compared to only 22 percent of the respondents who
live on the coast.

Attention is drawn to the rasponses to Question 9 of the County-wide
Response Analysis. A substential number of coastal vresidents 1iving
in St. Johns County gave no answer or did not know which route to
take in the event of a evacuvation. It is noteworthy that most people
in Ponte Vedra Beach wouid travei into Duval County. then west on

J. Turner Butler Boulevard. Furtnermore, most of those from Ponte
Vedra seeking designated Red Cross shelters would do so in Duval
County.

It was necessary to determine i¥ the population-at-risk have a true
perception of or previous experience with hurricanes and to further
determine i their percepiion wiil affect Tuture hurricane prepared-

ness and evacuation efforts.

On a region-wide basis, 67 percent of the coastal rasidents answered
"yes" to their having exparienczd & direct hurricane strike. It was
found in the analysis, nowever, that many residents felt they had

been affected by Hurricane David, which paralleled off shore and which
furthermore was not a major storm. Unfortunately, a sizeable portion
of the peopie who will be at-risk in the event of a hurricane land-
falling believe they have encountered a hurricane without having to
evacuate. Consequently, in the future they may be raluctant to eva-
cuate.



COMPARAT TVE ANALYSIS

Other hurricane nazard and svacuation plan studies have been completed in
Florida and have incorporated pehevioral studies. Several have already been
referenced in this chapter. For comparative purposes, some of these studies
are examined inasmuch as mery of the questions included herein were in fact
included in them.

Briefly, in the way of background, the 7irst hurricane evacuation plan with
corresponding behavioral survey in TTO”ida was Tne Lee County Flood Emergency
Evacuation Plan compieted *n 1979 by the U. S. Corps of Engineers. That survey
was subsequently used as a base fcr cevaiscping the behavioral survey as part of
the Tampa Bay Flood Emergency Lvacu¢z’"w Zlen. The "domino principal" prevailed
as similar surveys were completea as rntegral pafLS c¢f hurricane evacuation plans
in the Sanibel-Captiva area, in SuuLnWﬁsL Fiprida, in the Treasure Coast coastal
ng o

area, in the Southeast Flor‘da coasta’ area. =2 n the -ast Ceniral Florida
coastal area, all in that order. Respective regional planaing councils completed
all but the Southeast Florida OQS"‘T arsa surveys m most behavicral surveys were

done on ‘a centractua: basis. 7The Southesst Figrida plan was completed by the
Corps of Engineers, evea though contractec t0 Y0st, Buck\eyg Schuh & Jernigan, Inc.

Table 33 on page 85 constitutes & ompa*ac'vu analysis based upon specific
questions which were included in the behavicral surveys of three hurricane eva-
cuation plans, name1/ those completsd by the East Central Florida Regional
Planning Council, the Tampa Bay Regicna! Plenning Councii, and the Corps of
Engineers (for the Southeast Fiorida nurricane evacuation plan). A1l of the
aforementionad surveys were based on tne Lee County prototype; the similarity
in questions facilitated comparative anclysts.

As noted in Table 33 , the study compieted in the Southeast Florida area showed
a significant 26 percent pecple resaonding that they weuld never evacuate; this
guotient was attributed to the fact thal the Southeast Florida study included a
number of residents not resicing in vuinerable or at-risk areas. Otherwise,
all of the surveys completed in at-risk areas raveaied that in excess of 90
percent of the residents (in those areas) would svacuate if ordered to do so.
As stated heretofore, a quotiant of 65 percent was identical for coastal resi-
dents of East Central Fiorida (Brevard and Volusia Counties) and of Northeast
Florida regarding "Immadiate” as tneir answer concerning evacuation.

being seventy percenc ha h gn 8? peTuEﬁ’ 'sage rate round in the East Central
Florida inland area is attributed to the iarge number of one-vehicle households
(in that study area).

As noted particularly in the coastal arsas of East Central Florida and Northeast
Florida, the demand for sheiter space was lowast. Those Tiving in coastal areas
generally are affluent. Hence, any would seek a friend or relative or a hotel

or motel as opposed to seeking a public shelter.

Although there is no specific research on how quickly groups have responded

to evacuation orders in the past, certain delay factors have appeared. Specific-
ally, residents have taken time after the order to seek confirmation of the
danger through additional sources, including neighbors, friends and relatives.



Finally, for those persons who say they will not evacuate, the only viable
alternative for public officials at this time is to further educate them.
There is no documented case in the country in which such persons have been
forcibly removed from their homes. Political reasons, tradition, the danger
to enforcement officials, and the need for these officials in other pursuits
have precluded such action.

TARLE 33

COMPARATIVE ANALYSIS G SEirECT=D DEHAVIORAL SURVEYS

Noriheast East Central
Florida Florida Tampa Southgast
Coastal "Inland | Coastal *Inland Bay Florida
T 1
EVACUATICON RESPONSE i :
]
Immediate 65% + 73% 65% 1+ 81% 77% 69?
Certain Number of Hours 309 ¢+ 21% 21% v 15% 17? 5%
Never 5% ¢ 6% 8% 4% 6% 26%
1 ]
1 1
VEHICULAR USAGE 73% v 69% 70%2 v 82% 71% 70%
¥ ]
t 1
NEED FOR SPECIAL HELP 4% 5% 4% : 7% 3% N.A.
] |
DESTINATION i l
Shelter 22% ¢+ 49% 18% + 46% 38% 23?
friend or Relative 479 v 31% 384 v 18% 26% 28§
Hotel or Motel 19% 1 8% 312 v 15% 19% 10%
Don't Know 129 ¢+ 12% 139+ 21% 17% 11%
) 1
85



CuapTER VI PUBLIC SHEL G
SV NTCRY Bowis

&
N

INTRODUCTION

Due to efforts of American Red Cross chapters, county scheo® scarcs. anc ol
defense directors, a number of school buildings in the Northeast 7z 2g”
have been designated as public shelters in the event of a hurricans

preparedness officials inasmuch as the data so generated cetermi-z
of existing shelters and the need for additional sheiters. Accoroi-g:
chapter includes 1) an inventory of shealters broken down by couriy.

on the coast.

SHELTER INVENTORY

Civil Defense Directors, American Red Cross personnel, and county schas’ o
administrators were cooperative in providing valuable information nsedsd
the inventory and assisted in the required data collection.

m ¢

Tables 34 through 40 beginning on the following page constitute the invenicry.
Shelters in coastal counties of Nassau, Duval, St. Johns ana Fiagier are in-
ventoried first, in that order, followed by those in Clay, Putnam =r¢ 3akasr.
In each table, information is broken down by shelter location, cazez’ty

Pl
shelter manager, and shelter facilities. Facilities are further cocei.ec =2
determine the availability of emergency power; whether water ang sewar Sysiems
are independent, or dependent upon city or county; the availabiiity =7 foco
facilities and stocked food; and the vulnerability of each shaitar 7. r~zgarc
t0 the hazards related to storm surge. Shelter capacity is based upor 720

square feet per person.

SHELTER DEMAND AND AVAILABILITY

Sheltering demand in the six counties of Northeast Florida and the
of the shelters to accommodate prospective evacuees are summarized i~ |

on page 105. As noted in the footnote at the botiom of Table 41, i lot
the population seeking shelter are taken from Chapter V, the Behavic=a' Survzc
The figures reflect a "worse case" condition resuiting from a lancvariing Cats
gory 3 hurricane (striking 90 degrees relative to the coastline) in which &’
coastal residents as well as all mobile home residents in all cournties are

endangered and hence are ordered to evacuate. (Continued on nage -C5]

i
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Availability rate percentages in Tab'2 41 show & shortage of sheltering space
in St. Johns County. In that county, a special committee consisting of schooi
board administrative personnel, the Civil Defense Director, and American Red
Cross personnel are aware ¢f the shortage. They are resolved to find and
designate additional shelters by June 1984, the beginning of hurricane season.

Table 35, Shelter Inventory-Duval County, does not list consolidated City of
Jacksonville public buildings wnich also are availabie for shelters. Further,
the Northeast Florida Chapter of American Red Cross is seeking additional
shelters (as of February 1984); the Chanter is in a negotiating stage with a
number of churches and other privately-owned organizations in Duval County.

ABLE &
StizLTER DEMars AND AVATLABILITY
SHELTER

POPULATION* SHELTER** AVATLABILITY

COUNTY SEEKING SHELTER CAPACITY RATE

Nassau 3,459 7,098 100%
Duval 22,5574 20,661 100%
St. Johns 8,400 4,202 50%
Flagler 3,492 5,910 100%
Clay 3,128 4,955 100%
Putnam 7,016 7,332 100%

*Based upon figures shown in Chapter V, Behavioral Survey; see page 78.

**Figures taken from sheltering inventory; based upon 20 square feet per person.

***Inc1udes 1,165 evacuees from Ponte Vedwa Baach area.

****Includes 5,975 spaces in public buildings owned by the
Consolidated City of Jacksonville



HOSPITALS AND NURSING HOMES

In the beaches areas of three ¢f the Ffour coastal counties, Nassau, qual, and
St. Johns, hospitals and nursing nomes have been contactgd to determine 1f they
have local evacuation plans. Flagler County, the exception, has no hospitals or
nursing homes on its coastal area.

Nassau County. Storm surge emanating from a Category 4 1andfa11ing_hurr1cane
(striking 90 degrees relative to the coastline) would endanger Amelia Island
Care Center. The Center, which is located ox 2700 Atlantic Avenue, is situated
19  feet above mean sea ievei. The Center has an evacuation ptan; by agree-
ment, the Center's clients would be moved tc Ariington Manor Care Center 1n
Jacksonville.

Duval County. At Jacksonvilie Beach, the Besaches Hospital located at 1430

I6th Avenue South, which has a disaster plan, s situated approximately 20 feet
above mean sea level and thus would be affecied by the storm surge coming from

a Category 4 landTalling nurricane. The Hospitality Care Center of Jacksonville
Beach, located at 1504 Seabreeze Avenue, has an agreement to move clients to
three nursing homes located inland. They are Americana Health Care Center,
Turtie Creek Health Care Center, and Jacksonvilie Convalescent Center. The
Hospitality Care Center would be affected by the storm surge coming from a
Category 3 landfalling hurricane.

St. Johns County. The City of St. Augustine has one hospital and three nursing
homes which would be affected by the storm surge emanating from a hurricane.
Flagler Hospital Tocated at 159 Marine Street and St. Johns County Senior
Citizen’'s Home Tocated at i69 Marine Street are approximately fTive feet above
mean sea level. Although across the Matanzas River from Anastasia Island,

the side effect from the storm surge of a Category 1 hurricane entering

St. Augustine Inlet would impact these facilities. Flagler Hospital's admini-
strative personnel! plan to resort to vertical evacuation as the building has
three levels. Tne second level is at Teast 20 feat above mean sea level.
Administrative personnel of the Senior Citizens Home plan to move their clients
to the second flcor of Flagler Hospital.

Flagler Hospital will accommodate the clients of yet another nursing home, the
Buckingham Smith Memorial Home iocated at 169 Central Avenue. This home,
approximately five feet above mean sea level, would be affected by the storm
surge coming from a Category 3 hurricane. Silmer Nursing Home Tocated at 189
San Marco Avenue would be affected by the storm surge coming from a Category 2
hurricane. This home s approximately eight feet above mean sea level. Gilmer
Nursing Home wiil move clients (by existing agreement) to both hospitals in

the City of St. Augustine, Flagler Hospita! and St. Augustine General. Gilmer's
administrators also will have their ciients moved to the St. Augustine Geriatric
Center and to the Ramada Inn (in the City of St. Augustine), to Putnam Memorial
Hospital in Palatka, and to Lake Shore Nursing Home in Crescent City.

RECOMMENDATION

It is recommended that the special committee in St. Johns County consisting of
administrative personnel from the School Board and the local chapter of American
Red Cross plus the Civil Defense Director continue their effort to seek and design-
nate additional public shelter space. Members of that committee are Messrs. Steve
Hand, Wally Baughn, John Atkins, and Dougias Stewart of the St. Johns County School
Board; Mr. Bill Tyler, Mrs. Stuart Crouch, and Ms. Irene Pace of the American Red
Cross; and Mr. Gary Rodenorst, St. Johns County Civil Defense Director.
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SUMMARY OF RECOMMENDATIONS

1.

It is recommended that jocal governments:

Take measures as necessary to preserve existing primary dunes, to
prohibit excavation on other development on the landward toe of any
primary dune, to prohibit breaches of primary dunes, and to fill and
stabilize existing breaches of primary dunes with vegetation. See
page 28.

Stipulate in the approval of developments located within a hurricane
hazard (vuinerable) area that all title transfers to property shall
be accompanied by a hazard disclosure statement that the property

in the particular development is within a hurricane hazard area in
which property is subject to damage and residents may be subject to
an evacuation order in the event of a hurricane landfalling within
50 miles of the development. See page 28.

B. It is recommended that the special committee in St. Johns County consisting
of administrative personnel from the Schooi Board and the local chapter of
American Red Cross plus the Civil Defense Director continue their effort to
seek and designate additional pubiic shelter space. Members of that com-
mittee are Messrs. Steve Hand, Wally Baughn, John Atkins, and Douglas
Stewart of the St. Johns County School Board; Mr. Bill Tyler, Mrs. Stuart
Crouch, and Ms. Irene Pace of the American Red Cross; and Mr. Gary Rodehorst,
the St. Johns County Civil Defense Director. See page 106
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APPENDIX A

EXCERPTS TAKEN FROM
“"THE FORMATION OF TIDAL INLETS
IN BARRIER IsLanD CHAINS”



APPENDIX A

Excerpts taken from "The Formation of Tidal Inlets In Barrier Island Chains,"
abstract produced by Steve Hughes, Graduate Assistant, University of Florida.

B. INLET FORMATION BY ATTACK FROM THE SEAWARD SIDE: Large storms
are usually accompanied by a rise in sea ievel elevation, termed

the storm surge, which is generatad by the onshore wind shear stress
over the water surface, resulting in & "piling up" of water along
the coastline. These storm surges, along with their huge wind-
generated waves, are responsibie for mgjor flooding and erosion of
the coastal areas.

At times these waves are capable of overtopping the frontal dunes,
which are usually the highest feature cr the barrier island. Once
the water associated with these waves has passed over the highest
point of the barrier, then it must coniirue to flow down the back
face of the island and into the lagoon, by reason of both the kinetic
energy involved in the water's forward momentum and the potential
energy due to its height above stiil-water level in the lagoon. If
the flow can be channeled and if frictional Tosses are small, the
available energy may be sufficient to cut a channel by transporting
the barrier island sediments and depositing them in the lagoon. The
uneven topography which channels the fTlow can come about by natural
processes, such as the initial building of the barrier isiand or
wind-scouring of dunes; or they may arise by human endeavors, such
as cuts made through the dunes to provide access to the beach. Lack
of vegetation in this erosional channel certainly helps to reduce
the initial frictional losses. The process is further aided by the
fact that the still-water level in the lagoon is usually Tower than
the surge level on the ocean side, due to the time-lag involved in
transferring the excess storm surge water into the Tagoon through
existing inlets. This allows additional erosion to occur, after the
channel has been cut down to the surge jevel, by virtue of both for-
ward wave momentum and by the head difference between ocean and bay.

There are three important determining factors upon which the formation
of the new inlet 18 dependent. These are: the slope of the back side
of the barrier island, the width of the barrier island, and the depth
of the Tagoon adjacent to the barrier island. If the siope is small,
or the island is wide, or a combination of these two, then it is Tikely
that the water will not obtain sufficient velocity to erode deeply
into the channel due to both frictional losses and percolation of the
water into the barrier island. The sediment that is transported will
be deposited in the form of an "overwash fan" which further reduces
the slope and increases the distance over which the water must travel.
Alternately, a shallow Tagoon adjacent to the barrier will cause a
rapid build-up of the overwash fan which then forms into a series of
distributaries and effectively spreads out the fiow, lessening the
grob?bi]ity of erosion to a depth sufficient to cut below still-water
evel.



From the above discussion it can be concluded that tidal inlets
formed by overtopping from the ccean side will most likely occur
where the following conditions are met:

1. The barrier is narrow, and the back slope of the isltand is steep,
which keeps the frictional losses to a minimum by decreasing the dis-
tance the water must travei. This and the sleep slope allows higher
water velocities which in turn move mere sediment.

2. The initial barrier topography is such that the overwash is chan-
neled, and to a lesser extent, the vegetation is sparse.

3. The adjacent lagoon is sufficiently deep to cause deposition of
that eroded material into an cverwasr Tan without the formation of a
series of distributaries which spread out Ihe fiow, or without a
significant decrease of the slope.

An example of an inlet formation by attack from the seaward side was
documented by El-Ashry and Wanless (1965), and occurred on the
North Carolina coast just to the north of Cape Hatteras. Historical
records are full of similar examples of storm-related inlet openings.

C.  INLET FORMATION BY ATTACK FROM THE LAGOON SITE: Pierce also
theorized that inlets could also be formed during a storm by water
attack from the lagoon side of a barrier island. Noting that tropical
storms are often characterized by a sudden reversal of wind direction
from onshore to offshore, he feit that sufficient momentum could be
jm?avged to the Tagoonal water to cause a breakthrough of the barrier
island.

During onshore winds the water is "piled up" on the ocean side; and if
the lagoon is large enough, the lagoonal water will also "pile up" along
the coast of the mainland, resulting in an exceptionally low water level
to the lee of the barrier island. As before, there is a lag time neces-
sary for the existing inlets to allow the ocean surge to pass.

After passage of the center of the storm, a sometimes rapid wind shift
to the offshore direction can take place which lowers the storm surge
level on the ocean side of the barrier and leaves the water, which was
piled up on the mainland, unsupporied. This unsupported mass of water
will rush across the Tagoon under the force of gravity, aided by the
offshore wind, and slam against the landward side of the barrier island.

In a large lagoon this surge can contain a huge amount of water which is
capable of overtopping the island in Tow spots. If there is a topo-
graphical feature to channel the water, then erosion can occur in the
same fashion as described earlier. This is illustrated in Figure 7b.
Pierce points out that tidal channels and creeks are nearly always
present in the marshes and barrier flats, and are som€times connected to
low spots in the dune fields. These provide a 1imited number of access
points for the huge volume of water, and can channel the flow until the
foredunes are overtopped and gravity takes over. If there are no chan-
nels present, then 1ittle damage will be done by this surging 1agoon
water.
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Once the water has reached the top of the foredune it rushes down the
relatively steep foreshore, sweeping eroded sediment with it.

Since the ocean Tevel is now lower than normal, this overtopping can
erode a channel below the usual sea Tevel, forming a new tidal inlet.
Sediment deposited at the end of this channel is reworked by the
waves and hence, no overwash fan is Formed to hinder the flow.

The main criteria for inlet formation by attack from the Tagoon side
are:

1. A large, fairly wide lagoon which experiences substantial wave
setup during high winds, with sufficient depth to minimize frictional
losses.

2. A sudden wind reversal from the onshore direction to the offshore
direction.

3. Tidal creeks and channels must be present on the landward side of

the barrier island to the channel and concentrate the flow over the
dune field.
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APPENDIX B

SPLASH MODEL

The SPLASH model is a mathematical model which utilizes a linearized form of
the equations of motion. The equations have been converted to finite ampli-
tude form and are applied to a grid system. Information required on this grid
before computations can proceed are the hurricane data mentioned on pages 9
and 10 as well as the values of the depths of the continental shelf. The re-
presentation of the depths is termed the bathemetry and has already been com-
pleted for all of the U. S. coastline. From previous studies, it has been
shown that the shallower the water on the continental shelf, the higher the
storm-surge will be. As the water is shallower at Jacksonville Beach compared
to Daytona Beach, a hurricane with the same speed, direction, delta-p, and RMW
will produce a larger peak surge value at Jacksonville Beach.

The grid points along the shoreline are considered the shoreward boundary of
the model and allow no water to move inland (i.e. a vertical wall). If the
barrier islands are high enough, then this boundary condition is an excellent
one. If the barrier islands are low, inland flooding may occur and the loca-
tion of the highest surge values may be inland away from the beach front.
However, the SPLASH model assumes a vertical wall at the shoreline. Therefore,
careful interpretation of the results is required in this case.
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BeHavIORAL SURVEY FOR THE
NORTHEAST FLORIDA HURRICANE EVACUATION PLAN

Call No
Resident's Address: 1 2 3 4 5
Attempt
Detail
Date / : / / / /
Time .MM, .m. .m. .m. .m.
Result

Telephone Number:

INTERVIEWER:

INTRODUCTION:

1. Do you live in a:

Person, Time &
Date for call-
back .m.

(name) (time)

/ /83

IF INITIAL RESPONDENT IS APPARENTLY AN ADULT AND, THEREFORE, POSSIBLY THE
DESIRED RESPONDENT (HEAD OF HOUSEHOLD OR DECISION-MAKER CONCERNING WHAT
TO DO BEFORE A HURRICANE) CONTINUE; OTHERWISE, MAKE AN APPOINTMENT TO
CALL BACK AT A TIME THAT THE RESPONDENT CAN BE REACHED.

"Hello, my name is and 1 am working on the Hurricane Plan
being prepared by the Northeast Florida Regional Planning Council.
speak to someone who would help decide what to do if a hurricane
threatened? (INTERVIEWER, IF PERSON WITH WHOM YOU ARE SPEAKING IS A
DESTRED RESPONDENT, CONTINUE WITH ....... ) "Your answers to a few brief
questions will be greatly appreciated."

May I

Single-family home
Apartment building
Condominium building
Mobile home

Other

TN P
e e s S e

o0 oo

(specify)

2. For this next question, please assume that everyone is home and you were ordered

by a governmental authority to evacuate.
you leave?

How soon could you be ready and would

(PAUSE: IF NO RESPONSE, ASK)
a. Immediately
b. Certain number of hours ( } - number
c. Never

AppPeENDIX C
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ba.

6b.

How many people live in your home including yourself?
number

Do you and members of your household live in the area during the months of June
through November? Yes ( ) No (

Do you and members of your household live in the area also during the months of
December through May? Yes ( ) No ( )

How many vehicles are there in your household?
(IF NONE, SKIP TO 6b) number
(IF THERE ARE VEHICLES, ASK) How many vehicles would you use during an evacuation?
(SKIP TO QUESTION 7)
number

(IF "NONE" IN QUESTION 6) WO%]d ygu nee% transportation such as a bus or a taxi?
Yes No

Is there anybody who could no% be ivacuated wgthout help from outside your home?
Yes No (

After leaving, where would you go? (PAUSE, IF NO RESPONSE, ASK)
To a designated Red Cross Shelter ( )

a.
b. To a friend or relative ( )
c. And in what county would that be please?

(Take a City Name, if Necessary)

To a hotel or motel (IF "YES" ASK) ( )
e. And in what county would that be please?

j=3

(Take a City Name, if Necessary)
f. Don't know (DO NOT READ "DON'T KNOW") ( )

What route would you take to get to a shelter, friend or relative, or motel, i.e.,
what major highway or street?

—t
o

Have you ever experienced a direct hurricane strike? Yes ( ) No ( )
If "yes", where was that, when, and name the hurricane.

—
—
.

Mr. /Mrs. » into which age group do you beiong?

35 & Under 35-49 50-64 65 & Over
( ) ¢ ) ( )
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